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ABSTBiCT 

In  an  era  of  modernization,  new  weapons  systems  generate  new 
manpower  reqolreaents  for  the  airborne  coeannity  within  the 
United  States  Army.  The  problea  of  forecasting  yearly 
reqnireaents  and  inventories  has  becoae  increasingly 
complex.  This  thesis  formulates  a  aethodology  which  applies 
the  Harkov  Theory  to  aanpower  planning  in  order  to  forecast 
yearly  inventories.  It  also  discusses  the  strategy  of 
dynamic  programming  in  determining  the  optimal  numbers  of 
soldiers  with  certain  skill  levels  and  job  types  vhc  should 
enter  into  each  type  of  special  training.  Further,  this 
aethodology  is  applied  to  the  Career  Hanageaent  Fields  of  11 
and  13  in  forecasting  inventories  for  fiscal  years  1985  and 
1986  and  in  determining  the  optimal  numbers  of  soldiers  to 
enter  into  each  type  cf  special  training  within  the  airborne 
community. 
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I.  INTRODUCTION 


In  th«  late  1970's,  in  face  of  the  suraounting  Soviet 
Threat,  the  United  States  iray  began  to  aodernize  its  force 
by  developing  hardware  coaaensurate  with  the  present-day 
levels  of  technology.  New  fighting  platforas  and  systens 
were  developed  and  procured.  Concurrently,  new  aanpower 
requirements  for  specializad  training  were  developed.  Key 
questions  of  whoa  to  train  and  how  to  train  then  had  to  be 
answered  in  order  to  aaziaize  the  total  effectiveness  of 
both  aachine  and  organizati cn. 

The  problea  of  deter aining  the  aaziaoa  nuaber  of 
personnel  who  can  enter  into  special  training  froa  the 
different  types  of  jobs  and  classes  of  ailitary  aanpower  has 
becoae  increasingly  coaplez  as  the  United  states  Aray 
continues  its  force  aodernization  toward  the  end  of  the 
decade  of  the  eighties.  It  also  has  becoae  increasingly 
critical  to  forecast  the  yearly  reguireaents  for  personnel 
to  be  qualified  by  special  training  because  of  the  fiscal 
restrictions  established  by  Congress  pertaining  to  such 
training.  The  task  is  further  coaplicated  when  those 
reguireaents  are  desired  by  type  of  job  and  grade  level. 

Currently,  force  aodernization  has  its  greatest  iapact 
on  the  airborne  coaaunity  which  encoapasses  personnel  of  all 
types  of  special  training  involving  ailitary  parachuting. 
The  preceding  aanpower  probleas  are  further  coaplicated  in 
this  ccaaunity  by  school  capacity  and  budget  constraints. 
The  reaainder  of  this  chapter  provides  pertinent  background 
inforaation  about  the  airborne  coaaunity  whose  personnel 
analysis  is  the  subject  of  this  thesis  and  defines  the  prob¬ 
leas  peculiar  to  the  airborne  coaaunity.  It  also  develops 
the  critical  questions  pertaining  to  the  nuaber  of  personnel 
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who  can  undergo  each  type  of  special  training  from  among  the 
different  types  of  jobs  and  grade  levels. 

Chapter  2  discusses  the  formulation  of  the  model.  It 
highlights  the  theoretical  and  mathematical  concepts  perti¬ 
nent  to  the  model  formulation#  and  formulates  the  design  of 
the  model  which  will  forecast  inventory  end-strength 
requirements  for  each  type  of  special  training  and  projects 
those  requirements  by  job  type  and  grade  level  into  future 
years  by  utilizing  Harkov  Chain  theory.  Additionally,  it 
examines  the  application  of  dynamic  programming  as  a  viable 
optimization  strategy  in  determining  the  special  training 
requirements  in  the  airborne  community.  Aggregation  of  the 
forecasting  and  optimization  phases  of  the  overall  model  and 
a  description  of  their  interface  will  be  discussed  in  the 
remainder  of  the  chapter. 

Chapter  3  discusses  the  execution  of  the  model. 
Sensitivity  analysis  of  the  data  is  applied  to  the  budget 
constraint,  attrition  factors,  promotion  and  recruitment 
rates. 

Chapter  4  discusses  the  potential  of  the  model  as  a 
decision  making  tool  and  as  a  manpower  planning  model. 

1.  TIB  AIBEQBIB  COHHOHITT 


i-  J JiliSaii  gssaEa&ion  sprain  (521) 

Each  soldier  in  the  United  States  Army  is  awarded  a 
military  occupation  specialty  (HOS)  upon  the  completion  of 
basic  training  (BT)  and  advanced  individual  training  (AIT). 
Both  types  of  training  are  designed  to  provide  the  soldier 
with  the  basic  skills  of  his  specific  job.  Each  HOS  refers 
to  a  specific  type  of  job  and  job  skill.  (eg.  cook  (94B)  , 
mechanic  (63B) ,  mortarman  (11C),  infantryman  (11B)).  There 
are  3€3  BCS's  for  which  a  soldier  may  be  trained. 


2.  1*111  Qualification  Identifier  (HI) 

After  attaining  the  basic  job  skills  and  being 
awarded  a  HCS,  a  soldier  can  undergo  special  training  which 
will  award  a  skill  gualification  identifier  (SQI)  upon 
successful  coepletion  of  that  training.  There  are  twenty* 
nine  SQI's  within  the  United  States  kray.  This  skill  iden- 
tifier  indicates  that  the  individual  is  qualified  to  perform 
sone  specific  skill  different  froa  his  basic  job  type.  For 
exaaple,  an  infantryman  (11B)  who  successfully  completes 
airborne  training  is  a  qualified  military  parachutist  and  is 
awarded  the  SQI  of  This  soldier's  complete  job  type 
and  job  skills  would  then  be  11B-P. 

3.  aai  iaisls 

l  soldier  in  the  United  States  Army  may  be  promoted 
through  various  grade  levels.  Initially,  a  soldier  enters 
the  service  at  grade  level  cne.  In  order  to  be  promoted  to 
the  next  grade  level,  an  individual  must  undergo  a  specific 
selection  process.  This  selection  process  is  based  upon  his 
past  performance,  leadership  qualities,  and  time  in  grade 
and  time  in  service  criteria.  This  selection  process  for 
promotion  is  similar  at  each  grade  level.  For  exaaple,  A 
sergeant  (E-5)  is  promoted  to  the  grade  level  of  staff  serg¬ 
eant  (E-6)  once  he  has  12  months  time  in  grade  and  36  months 
time  in  service  and  be  is  selected  by  a  centralized  selec¬ 
tion  board.  The  nice  enlisted  grade  levels  as  correlated 
with  rack  are  listed  below. 


GB1DE 


BANK 


E-7 

E-8 

1-9 


Sergeant  First  Class 
Master  Sergeant 
Sergeant  Major 
Additionally ,  the  soldier  aay  move  to  the  next  skill 
level  (SL)  which  is  partially  based  upon  demonstrated  tech¬ 
nical  and  tactical  competency.  These  skill  levels  are 
closely  aligned  to  the  grade  levels.  Moveaent  to  the  next 
skill  level  is  based  upon  grade  promotion.  Maintaining  the 
grade  level  is  partially  a  function  of  demonstrating  compe¬ 
tency  in  the  corresponding  skill  level.  For  example #  An 
infantry  sergeant#  1-5#  (SL  2)  who  is  promoted  to  staff 
sergeant#  E-6#  (SL  3)  must  demonstrate  technical  competency 
at  that  skill  and  grade  level.  The  relationship  between 
skill  and  grade  levels  is  listed  below. 


GBADE 
E-1  to  1-4 
E-5 
E-6 
E-7 

E-8  to  1-9 


SKILL  LEVEL 
1 
2 

3 

4 

5 


*•  £l£JJC  U&lSJlS&t  Lilli  (£I£) 

Each  soldier  in  the  United  States  Aray  has  a  career 
pattern  that  he  can  follow.  This  pattern  is  a  network  of 
jobs  as  specified  by  80S  and  SL.  Examples  of  this  career 
progression  are  diagrammed  in  Figures  1.1  and  1.2  and  repre¬ 
sent  the  career  progressions  for  CMF  11  and  CNF  13#  respec¬ 
tively.  There  are  twenty-eight  CNF's  in  the  United  Stares 
Aray.  Only  CMF  11  and  CMF  13  will  be  considered  in  this 
thesis. 


Vigor*  1.1  Career  Progression  Pattern  for  chf  it 


5.  5Eisial  Xttuisa  iiiMs  iii  kii*2Lk&  SaiaaalSz 

Tie  airborne  coasunity  consists  of  four  types  of 
special  training: 

A)  Airborne— referring  to  the  82nd  ABN  Division,  502 
ABN  Brigade,  xvill  aeh  Corps,  O.s. Central  conaand 
(0SC5HC0H)  ,  and  other  aiscallaneous  units  (A  total 
cf  20,000  soldiers) 

B)  8anger--ref erring  to  2  battalions.  (1500  soldiers) 

C)  pathfinder— ref  err ing  to  a  snail  unit  of  no  more 
than  40-50  soldiers. 

0)  Special  Porces--re ferring  to  the  5th,  the  7th, 
and  the  10th  Special  Forces  Groups,  and  the  JFK 


figure  1.2  Career  Progression  Pattern  for  CHF  13 


Center  and  miscellaneous  units,  (A  total  of 
6000  soldiers) 

Airborne  training  awards  the  skill  qualification  for 
basic  ill  it  ary  parachuting.  Each  graduate  of  this  training 
is  awarded  the  SCI  of  'P*.  A  soldier  is  paid  an  additional 
S85  while  he  is  in  training.  Ones  a  soldier  completes  the 
training,  he  is  paid  $85  per  month  while  he  remains  as  an 
actiwe  military  parachutist.  Active  military  parachuting  or 
Non  jump  status"  is  defined  as  having  conducted  at  least  one 
juap  in  a  ninety  day  period. 

Recruitment  fer  airborne  training  largely  consists 
of  soldiers  from  among  80S  11B  and  the  SL's  1  and  2. 
Recruitment  exists  from  among  soldiers  of  all  SOS's  and 
SL'S. 


Banger  training  awards  the  skill  qualification  for 
saall  unit  operations  and  requires  soldiers  to  be  parachu- 
tist  qualified  prior  the  the  conduct  of  training.  Each 
graduate  is  awarded  the  SQX  of  *7'.  k  soldier  is  paid  an 
additional  $85  per  acnth  while  he  is  in  training. 

Becruitaent  for  ranger  training  mainly  occurs  froa 
aaong  HCS  11B  and  SL*s  2  and  3.  However,  recruitment  is  not 
conducted  froa  soldiers  of  SL  1. 

Special  Forces  training  awards  the  skill  qualifica¬ 
tion  for  proficiency  in  conducting  covert  operations  and 
requires  soldiers  to  be  parachutist  qualified  prior  tc  the 
conduct  cf  training.  Each  graduate  is  awarded  the  SCI  of 
'S',  k  soldier  is  paid  an  additional  $85  per  aontb  while  he 
is  in  training. 

Becruitaent  for  Special  Forces  training  largely 
consists  cf  soldiers  froa  aaong  80S  11B  and  SL's  3  and  4. 

Becruitaent  occurs  fxca  aaong  all  categories  of  NOS  and  SI. 

6-  fJ&X  £2531125 

In  the  United  states  kray,  each  soldier  holds  a  duty 
position  which  is  a  job  category  specified  by  his  NOS,  SI, 
and  SCI-  In  this  thesis,  reference  to  duty  position  will 
denote  a  particular  specification  of  NOS,  SL,  and  sqi,  in 
that  crder.  The  SL  designation  used  is  a  two-digit  code 
with  the  first  digit  being  the  skill  level  and  the  second 
digit  being  a  zero.  For  exaaple,  a  soldier  with  a  skill 
level  of  one  will  have  a  SL  of  10.  If  his  NOS  is 
IIB-inf  antryaan  and  bis  SQI  is  P- para  chutist,  then  that  I 

soldier's  duty  position  is  11B10P.  ; 

* 

7.  Authorizations  Within  the  Airborne  Coan unity 


The  force  vacancies  created  by  attrition  and  the 
personnel  acveaents  within  the  airborne  community  reflect 
the  total  shortages  between  the  authorized  inventory  level 


and  tha  on-hand  inventor?  level.  All  shortages  can  be 
calculated  by  MOS,  skill  level,  and  SQI. 

Shortages  »  Authorized  Inventory  -  Current  Inventory 

These  levels  of  authorize ticn  by  year  are  given  by  the 
Personnel  Structure  and  Coa position  Systea  (PEBSACS)  docu¬ 
ment  and  vill  be  assuaed  to  be  known  and  non-negotiable. 
levels  of  authorization  do  net  necessarily  equal  the 
strengths  authorized  by  the  Table  of  Organization  and 
Iquipaect  (TOE)  dccuaents.  The  PEBSACS  generates  the 
authorizations  of  each  duty  position  specified  by  HCS,  SQI 
and  grads  level  and  reflects  levels  annually  deter ained 
based  upon  current  ailitary  levels,  missions  and  budget 
constraints.  For  exaaple,  the  82d  Airborne  Division  has  a 
rapid  deployaent  aission  and  aust  be  constantly  manned  well 
above  the  TOE  strength  levels.  The  PEBSACS  normally  gener¬ 
ates  authorizations  for  that  unit  which  are  either  at  or 
above  TOE  strength  levels. 

Changes  in  the  force  structure  nay  change  the 
authorized  levels  and  vill  be  reflected  in  the  PEBSACS.  For 
this  study,  it  will  be  assuaed  that  changes  to  the  force 
structure  will  be  reflected  in  each  year's  authorization 
levels.  If  the  authorization  level  is  8 OX  of  the  TOE 
authorized  strength  level,  then  all  shortages  in  each 
category  will  be  filled  to  the  community's  authorization 
level  (8 OX  of  the  strength  level  specified  by  the  TOE).  The 
assuapticn  will  be  aade  that  the  aanpower  pool  factor  is 
also  incorporated  into  the  desired  stock  levels,  as 
explained  below. 

a-  iaaeatai  £221  factor 

In  order  to  support  the  assignaent  policy  cf  rota¬ 
tion  in  and  out  of  tie  airberne  community,  the  aanpower  pool 
factor  was  created.  This  siaply  requires  that  for  a  soldier 


to  have  the  opportunity  to  professionally  develop,  there 
east  exist  another  soldier  vho  is  qualified  to  fill  the 
vacancy  created  upon  the  foraer's  departure.  For  exaaple, 
an  Infantry  sergeant,  E-5,  new  serving  in  the  82nd  Airborne 
Eivision,  aust  have  a  qualified  replaceaent  serving  in  a 
position  outside  the  airborne  ccaaunity. 

£&£  Airborne  coaa unity 

A  shortage  within  the  airborne  coaaunity  can  result 
froa  personnel  who  leave  the  coaaunity  by  either  conducting 
an  expiration  of  terx  of  service  (ETS)  aove,  or  by  retire- 
aent.  ITS  aoveaent  can  occur  by: 

1)  Voluntary  departure  once  an  individual's  obliga¬ 
tion  is  aet. 

2)  Involuntary  departure  as  a  result  of  adainistra- 
tive  or  punitive  discharge.  (9.g.  an  individual 
is  discharged  for  the  good  of  the  service  under 
provisions  of  Aray  Regulation  600-200,  Chapter  10, 
or  he  is  dishonorably  discharged  under  courts- 
aartial.) 

Shortages  aay  also  result  when  personnel  conduct  a 
peraanent  change  of  station  (PCS)  out  of  the  airborne  ccaau- 
nity.  This  attrition  is  a  voluntary  reassignaent  out  of  the 
airborne  coaaunity  and  a  soldier  autoaatically  revokes 
(terainates)  his  ailitary  parachutist  qualification.  For 
exaaple,  a  soldier  in  the  82nd  Airborne  Division  aay  no 
longer  want  to  be  a  xilitary  parachutist  and  requests  reas¬ 
signaent  to  the  2nd  Arnored  Division,  a  unit  outside  of  the 
airborne  coaaunity.  Prior  to  his  assignaent,  he  aust  volun¬ 
tarily  withdraw  the  ailitary  parachutist  qualification  and 
the  SCI  of  froa  his  official  ailitary  record. 
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10.  Personnel  Boveaents  Within  the  Airborne  Community 

Shortages  eay  also  result  froa  proaotions  and  deao- 
tions  within  each  segaent  of  the  coaaunity.  Por  example,  a 
sergeant,  E-5,  when  proaoted  to  staff  sergeant,  s-6,  creates 
a  vacancy  for  an  2-5  in  his  segaent  of  the  coaaunity. 

Transfers  within  the  coaaunity  result  froa  individ¬ 
uals  who  conduct  a  peraanent  change  of  station  (PCS)  froa 
one  segaent  of  the  coaaunity  to  another  segaent  of  the 
coaaunity.  Por  exaaple,  A  sergeant,  2-5,  froa  the  2d  Sanger 
Eattalion  is  reassigned  to  the  82nd  Airborne  Division,  when 
this  type  of  transfer  occurs,  a  shortage  in  the  losing 
segment's  coaaunity  results,  while  a  shortage  in  the  gaining 
segaent  of  the  ccaaunity  is  filled.  Note  that  these  reas- 
signaents  by  PCS  are  both  voluntary  and  involuntary,  and  are 
unforseen  at  the  beginning  cf  the  year.  It  will  be  assuaed 
all  intra-coaaunity  ECS  assignaents  are  negligible.  The 
present  pclicy  of  assignaent  is  that  those  soldiers  quali¬ 
fied  in  any  SQI  of  the  airborne  coaaunity  will  rotate  in  and 
cut  of  the  coaaunity  in  subsequent  assignaents.  This  is  to 
insure  the  professional  develcpaent  of  the  soldier  and  is  in 
accordance  with  the  "whole  wan"  concept. 

11<  J5UJ&2II  StUSll  £i£UJ2  !&£  Kiik  SISS  SMI  SB  ill 

Cn-hand  inventory  levels  are  recorded  by  the  United 
States  Afay  Bilitary  Personnel  Center  (BILPERCEN)  as  ending 
inventory  levels  of  the  fiscal  year  (PY) .  These  inventory 
levels  are  recorded  by  BOS,  skill  level,  and  SQI.  Ending 
inventory  levels  for  a  year  will  be  assuaed  to  be  the  saae 
as  the  beginning  inventory  levels  for  the  following  year. 
Por  exaaple,  ending  inventory  level  for  the  FT  1978  will  be 
the  saae  as  the  beginning  inventory  level  for  FT  1979. 
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12.  2S&&&4  2 1  i£S2i4l  Iliifiiaa  IkS.  liltojne 

fisiimiii 

The  funding  for  each  type  of  special  training  in  the 
airborne  coaaunity  is  extracted  froa  the  congressional 
budget  which  is  allocated  to  the  0. S.  Army  for  the  purpose 
c£  paying  the  hazardous  duty  pay  for  those  soldiers  on  "juap 
status"  and  for  those  soldiers  undergoing  special  training 
peculiar  to  the  airborne  coaaunity. 

13.  HSSJ21&S2  2*  2£&i£iJ2  5S&221  SARlSlll 

The  three  types  of  special  training  in  the  airborne 
coaaunity  are  conducted  at  different  tiaes  during  the  year 
and  vary  in  class  size  and  length.  Airborne  training  is  a 
three  week  course  beginning  every  four  weeks  except  during 
two  weeks  in  Deceaber.  Fifty  classes  are  cycled  throughout 
the  year  with  each  class  Halted  to  400  soldiers.  Banger 
training  is  conducted  five  tiaes  per  year  with  each  class 
Halted  to  200  soldiers.  The  training  period  is  eight  weeks 
in  duration.  Special  Forces  training  is  conducted  twelve 
tiaes  per  year  with  each  class  Halted  to  100  soldiers.  The 
training  period  is  twelve  weeks  in  duration. 

B.  FBCBI1B  DEFIUTICI 

In  the  Onited  States  A  ray,  the  necessity  to  aaintain 
detailed  inventories  of  qualified  personnel  within  the 
airborne  coaaunity  has  required  aanpower  planners  to  develop 
techniques  and  ndels  to  forecast  the  force  by  each  duty 
position  and  to  predict  the  training  requireaents  needed  to 
aaintain  the  prescribed  inventory  levels  for  each  duty  posi¬ 
tion.  These  two  requireaents  dictate  that  HILPEBCER,  the 
proponent  for  personnel  assignaentsr  be  able  to  produce 


tiaely  predictions  of  future  force  levels,  training  require* 
went*  ,  and  the  effects  of  any  change  within  and  outside  the 
airborne  coaaunity. 

i*  Isisasilaa  lasats  stocks 

Manpower  planning  is  Batching  the  supply  of  people 
with  the  jobs  available  [  Bef.  1].  This  is  particularly 
applicable  in  the  airborne  coaaunity  where  the  duty  position 
is  the  ccaposite  specification  of  BOS,  skill/grade  level, 
and  SQI.  Those  duty  positions  which  are  vacant  at  the  end 
of  the  fiscal  year  are  the  jobs  available  for  the  following 
fiscal  year.  In  the  airborne  coaaunity,  each  duty  position 
(e.g.  1 1B10P — Inf antry  private,  parachutist  qualified)  can 
be  considered  as  a  specific  state  into  which  a  soldier  can 
be  recruited  or  proacted  and  out  of  which  he  can  be  proaoted 
or  attrited. 

attrition  is  the  aost  fundaaental  of  all  flows 
(Bef.  2].  attrition  in  the  airborne  coaaunity  is  both 
voluntary  and  involuntary.  In  this  case,  attrition  say 
include  intra-  coaaunity  and  inter-coaaunity  transfers 
resulting  in  PCS  and/or  ETS  aoveaents  which  can  be  voluntary 
or  involuntary  and  have  a  high  degree  of  variability. 

The  objective  of  forecasting  is  to  predict  the 
future  inventory  levels  of  the  airborne  coaaunity  given 
total  recruitaent  into  the  ccaaunity  and  current  flows 
within  and  out  of  the  coaaunity. 

2.  SBiiili&SAaa  si  lalilsa  iagalsaasala 

Once  the  ending  inventory  levels  are  predicted  for  a 
specific  tiae  period,  shortages  in  certain  job  types  can  be 
deterained.  The  budget  with  which  to  train  new  soldiers  and 
aaintain  the  current  force  levels  sets  liaits  on  how  aany 
soldiers  can  enter  into  special  SQI  training.  Additionally, 
the  capacity  of  the  school  which  conducts  each  type  of 
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special  SCI  training  restricts  the  nuaber  of  soldiers  who 
can  enter  into  that  respective  SQI  training.  The  questions 
to  be  answered  are: 

1)  Hew  Min;  soldiers  should  enter  each 
type  of  special  SQI  training? 

2)  What  duty  positions  should  these  soldiers  fill? 

3)  How  aany  soldiers  will  the  budget  and  school 
capacity  allow  to  enter  into  special  SQI  training? 

C.  0 VIBVIEH 

The  reaaining  chapters  of  this  thesis  will  fcraulate  a 
■odel  to  forecast  future  force  levels  in  the  airborne  ccaau- 
nity  by  duty  postion  and  to  deteraine  the  nuaber  of  soldiers 
to  be  trained  by  duty  postion.  Only  those  duty  positions  of 
CHF  11  and  CHF  13  will  be  considered  in  the  discussion, 
construction,  and  execution  of  the  nodel. 
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II.  fififill  IflMBUIIfll 


The  formulation  cf  the  model  vill  consist  of  the  devel¬ 
opment  of  two  different  sub-nodels  which  together  will  fore¬ 
cast  future  stocks  and  deteraine  the  optinal  levels  to  which 
training  requirements  can  be  filled. 

1.  10B1C1SXHG  BOD  El 

Barkov  analysis  can  be  used  to  predict  future  aoveeents 
of  personnel  and  end  strength  inventories  by  duty  position 
in  the  airborne  coeeunity.  For  the  reeainder  of  this 
thesis,  tie  fiscal  year  (FT)  will  be  the  tiee  period  consid¬ 
ered.  To  iepleaent  this  analysis,  certain  assuaptions  about 
the  air tern c  coaaunity  aust  be  aet. 

in  assumption  required  by  a  Harkov  process  is  that  the 
end  strength  inventories  of  each  duty  position  within  the 
airborne  ccaaunity  are  dependent  only  on  the  beginning 
strength  inventories  of  each  duty  position  and  the  proao- 
tion,  attrition,  and  recruitaent  flows  during  the  fiscal 
year. 

k  second  assumption  is  that  each  member  of  the  personnel 
system  is  subject  tc  only  cne  flow  during  a  single  fiscal 
year.  This  assumption  may  be  violated  in  reality  as  some 
soldiers  aay  be  promoted  and  reclassified  to  a  new  nos 
within  the  saae  year.  However,  the  frequency  of  this  occur¬ 
rence  is  very  small  and  is  normally  prohibited  by  existing 
policies.  1  soldier  who  is  reclassified  into  a  new  HCS  is 
normally  withheld  from  promotion  consideration  while  a 
soldier  who  is  promoted  is  restricted  from  changing  his  HOS. 
However,  a  soldier  aay  be  promoted  and  attrited  from  the 
airborne  ccaaunity  within  the  fiscal  year.  This  occurrence 


is  largely  Halted  to  SL  1.  Promotions  in  higher  SL's  incur 
an  additional  tiae-in-service  obligation  and  preclude  attri¬ 
tion  during  the  saae  fiscal  year. 

A  third  assuapticn  is  that  the  fractional  flovs  vithin 
and  cut  of  the  systea  remain  constant  over  the  tine  interval 
for  which  the  forecast  is  being  aade.  In  reality,  these 
proportions  will  change  yearly.  In  Chapter  4,  the  relaxa¬ 
tion  of  this  assuapticn  will  be  discussed  in  further  detail. 

1.  2tS  BgISl2BlgJ&  of  ttS  a&lfcgl  Pgogess 

The  Harkov  process  is  based  upon  the  equation 

S<t)  *  H  (t-1)  P  ♦  R  (eqn  2.  1) 

where  P  is  the  transition  aatrix  whose  individual  eleaents 
p  represent  the  fractional  flow  rate  with  which  personnel 
from  a  particular  duty  position  i  move  to  another  duty  posi¬ 
tion  j  during  the  fiscal  year.  N  represents  the  force  level 
vector  whose  individual  coapcnents  n^  are  the  numbers  of 
soldiers  in  duty  position  i  at  the  beginning  of  a  particular 
fiscal  year  (Kef.  3].  5  represents  the  recruitment  vector 

whose  individual  eleaents  r^  are  the  numbers  of  soldiers  who 
enter  into  duty  position  i  at  the  end  of  a  particular  fiscal 
year. 

The  P-matrix  is  a  representation  of  the  interrela¬ 
tionships  among  the  HCS' s,  SL's,  and  SQI's.  If  there  were 
only  one  HCS  and  one  SQI  then  the  transition  matrix  would  be 
just  a  representation  of  the  existing  promotion  policies  and 
attritions  froa  each  duty  position  of  the  overall  fcrce. 
for  example,  if  the  90S  was  1 1B-Inf antryman  and  the  SQI  was 
P-Parachutist,  then  the  duty  positions  would  be  1)11E10P, 
2)11B20P,  3)11B30P,  4)11B40P,  5)  11B50P.  The  corresponding 

transition  aatrix  is  listed  in  Figure  2. 1  and  represents  the 
pronotion  and  staying  rates  within  each  skill  level  of  the 
airborne  coanunity  consisting  of  one  90S  and  one  SQI. 
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Figure  2.1  Transition  Matrix  I. 

liken  no  interrelationships  exist  between  the  SQi's 
or  the  MCS* s  then  a  series  of  separate  transition  matrices 
for  each  MCS-SQI  combination  is  generated.  The  current 
force  level  vector  B  can  be  partitioned  into  smaller  sepa¬ 
rate  components.  Each  component  is  passed  through  its 
corresponding  transition  matrix  of  the  type  shown  in  Figure 
2.1.  The  resulting  force  levels  of  the  two  components  are 
then  aggregated  to  form  the  predicted  force  level  vector  at 
the  fcllcwicg  time  period.  For  example,  if  the  HOS's  were 
IIB-infantryman  and  13B-cannon  crewman,  the  SQI  was 
E-parachutist  for  both,  and  the  SL's  were  1-5,  then  the  duty 
positions  would  be  as  listed  in  Table  I. 

The  force  level  vector  N  would  consist  of  all  duty 
positions  as  listed  in  Table  I.  But,  since  no  interdepen¬ 
dence  between  the  two  MOS's  exist,  the  force  level  vector  N 
can  be  decomposed  by  BOS  into  two  smaller  force  level 


T1BLB  I 
Duty  Position 


BOS  SI  SQI 


11 B 
11B 
11 B 
11  B 
11 B 


a 

30 

4< 


P 

P 

P 

P 

P 


BOS  SL  SQI 

13B  10  P 
136  20  P 
13B  30  P 
13B  40  P 


vectors  J  and  N  which  correspond  to  BOS  11B  and  BOS  13B, 

**1  "2 

respectively.  These  force  level  vectors  can  be  expressed 
as: 

2^  ■  (11B10P,  11B20P,  11B30P,  1  1B40P ,  11B50P) 

*  (13B10P,  13B20P,  13B30P,  13B40P) 

Given  that  the  current  PT  is  designated  by  t- 1 ,  the  force 

level  vector  H(t)  of  the  next  FT  can  be  determined  as  N  (t) 

»  (H  |t)  ,H  (t) )  where  the  force  lavel  vectors  N  (t)  and 
1  ”2  ”1 

*2(t)  are  cosputed  as: 

i1  <*>  *  <t-1)P1  ♦  J 

N.(t)  »  H  (t-1)P2  ♦  £  . 

4.  2 

Bere,  PI  and  P2  represent  the  transition  matrices  similar  to 
transition  matrix  I. 

Interrelationships  among  several  SQI's  within  one 
BOS  create  conposite  matrices.  If  the  BOS  remains  fixed, 
but  the  SQI's  and  grade/skill  levels  vary,  a  composite 
matrix  results  due  tc  the  interdependence  of  the  two  SQI's. 
In  this  case,  a  composite  matrix  would  be  generated. 
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Fcr  example,  if  the  80S  vas  1 IB-Infantryman,  the 
SQI's  were  F-parachutist  and  V-ranger,  and  the  skill  levels 
were  1-5,  then  the  duty  positions  for  that  type  of  systea 
would  be  as  listed  in  Table  II. 


In  this  exaaple,  the  SQI's  have  a  fiscal  relationship  as 
described  in  Chapter  1.  The  coaposite  aatrix  listed  in 
Figure  2.2  represents  the  aatrix  which  is  appropriate  in 
this  case. 

Siailarly,  a  coaposite  aatrix  is  created  if  there  is 
an  interdependence  between  a  set  of  BOS's.  If  such  a  rela¬ 
tionship  exists  then  the  current  force  level  vector  cannot 
be  partitioned  and  a  coaposite  aatrix  results.  The  actual 
structure  of  the  aatrix  is  a  function  of  the  nuaber  of 
HOS's,  SQI's,  and  grade/skill  levels. 

Fcr  exaaple,  if  the  BOS's  ware  1 1B-infantryaan  and 
IlC-acrtaraan,  with  the  SQI's  and  skill  levels  the  sane  as 
in  the  previous  exaaple,  then  the  duty  positions  listed  in 
Table  III  exist. 

The  aatrix  listed  in  Figure  2.3  is  the  coapcsite 
aatrix  that  is  then  generated  and  is  used  to  predict  force 
levels  of  the  overall  systea.  In  the  airborne  coaaunity. 
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Figure  2.2  Transition  Matrix  II. 
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Figure  2.3  Transition  Matrix  III. 

aoveaents  aaong  HOS's  are  negligible.  The  underlying  factor 
that  binds  the  sub-coaaunitias  together  is  the  aoveaents 
froa  one  SQI  to  another.  The  transition  rates  of  the  sepa¬ 
rate  airborne  sub-ccuunit ies  (i.e.  parachutist,  ranger, 
special  fcrces)  indicate  how  personnel  wove  within  each 
respective  sub-coaaunity .  The  fractions  of  personnel  that 
■ore  aaong  the  sub-cciaunit ies  also  contribute  to  the  deter- 
aination  cf  the  force  levels  of  the  next  fiscal  year. 
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The  architecture  of  a  transition  aatrix  for  any  CBF 
is  generated  by  iabedding  a  series  of  aatrices.  The  process 
which  generates  the  transition  aatrix  is  1)  begin  with  the 
SQI  aatrix,  2)  iabed  the  BOS  aatrix  within  the  SQI  aatrix, 
and  3)iatcd  the  skill  levels  within  the  resulting  aatrix. 
It  each  step,  relationships  aaong  either  the  SQI's  and/or 
the  BOS *s  deteraine  whether  a  coaposite  aatrix  or  a  series 
of  separate  aatrices  is  generated.  For  CBF  11  and  CBF  13, 
the  following  BOS*s  exist  aaong  the  three  SQI's  of  the 
airborne  coeaunity  as  listed  in  Tables  IV  and  V, 

respectively. 


TABLI  IT 

CBF  11 

BOS 
111 
11C 
11 H 

Parachutist 
SQI  'E' 

X 

X 

X 

Banger 
SQI  'V' 

X 

X 

Special  Forces 

SQI  'S' 

X 

X 

'X' 

denotes  that  the 
specific  SQI. 

BOS  is  author 

ized  within  the 

The  first  step  of  generating  the  transition  aatrix 
for  either  CBF  is  tc  construct  the  SQI  aatrix.  ill  three 
SQI's  are  related  by  the  congressional  funding  as  aentioned 
in  the  previous  chapter.  Thus,  a  coaposite  SQI  aatrix  is 
generated  as  illustrated  in  Figure  2.4.  This  coaposite  SQI 
aatrix  would  be  the  saae  for  both  CBF  11  and  CBF  13. 


Special  Forces 
S QI  'S' 


Parachutist 
SQI  ' F' 


Banger 
SQI  '?« 


denotes  that  the 
specific  SQI. 


HOS  is  authorized  within  the 


The  second  step  of  generating  the  transition  natrix 
for  CBI  11  or  CMP  13,  is  to  iabed  the  HOS(s  which  exist  in 
each  SQI  of  the  airborne  cossunity  within  the  sqi  ccspcsite 
satrix.  Each  MOS  is  related  by  the  career  progression 
pattern  as  described  in  Chapter  1.  The  resulting  satrices 
for  CBI  11  and  CNF  13  are  diagrassed  in  Figures  2.5  and  2.6, 
respectively. 

The  final  step  in  generating  the  transition  satrices 
for  both  CHF  11  and  CNF  13  is  to  iabed  the  skill  levels 
within  the  satrices  previously  generated  in  the  second  step. 
The  transition  satrices  generated  for  CMF  11  and  CMF  13  are 
shown  in  Figures  2.7  and  2.8,  respectively. 

This  basic  architecture  of  the  final  transition 
satrices  for  the  corresponding  CMF's  will  be  utilized  in  the 
next  chapter  when  the  execution  of  the  Forecasting  Model  is 
discussed. 


Figure  2.7  Transition  Matrix  for  CHF  11 


Figure  2.8  Transition  Matrix  for  CHF  13 
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1.  Jig  Development  of  the  Objective  Function 

The  first  task  in  the  development  of  an  optimization 
model  is  to  determine  its  objective  or  goal.  The  nusber  of 
soldiers  who  should  enter  training  is  a  function  of  the 
shortage  at  the  current  fiscal  year  for  each  duty  position. 
The  number  of  soldiers  vho  will  fill  the  vacancies  in  the 
next  fiscal  year  is  a  fraction  of  those  soldiers  vho  will 
complete  the  required  SQI  training.  If  no  shortage  exists 
in  a  particular  duty  position  then  no  requirement  for  a 
trained  recruit  is  generated.  However,  if  a  shortage  does 
exist,  then  that  shortage  generates  the  requirement  for  a 
qualified  person  of  that  particular  SQI.  The  application  of 
the  course  completion  rate  pertaining  to  a  particular  SQI 
determines  the  number  needed  to  enter  such  SQI  training. 
Thus,  if  the  nusber  of  shortages  is  minimized  then  the 
number  required  to  enter  each  SQI  training  is  directly 
affected.  Ideally,  it  would  be  desirable  to  have  no 
shortage  at  all  in  any  duty  position.  This  would  mean  all 
duty  positions  would  be  filled  to  their  authorized  levels. 
But,  budgetary  constraints  do  not  always  allow  all  duty 
positions  tc  be  filled  to  their  authorized  levels.  Hence,  a 
goal  of  the  optimization  model  is  to  reduce  the  overall 
shortage  within  the  airborne  community. 

Tie  shortage  in  the  airborne  community  for  any  tine 
period  n  is  graphically  represented  in  Figure  2.9. 
Hathematically,  this  shortage  can  be  expressed  as: 
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AUTHORIZED  FORCE  LEVEL  AT 
TIME  M 


This  shortage  can  be  farther  defined  as: 

Authorized  Current  Course  Entrants  into 

Force  level  -  Force  Level  ♦  Coapletion  •  SQI  Training 

at  ties  ■  at  tiee  a- 1  Bate  during  (tine 

n-1,  a) 

Note:  The  current  force  level  at  tine  m-1  is  the 
attrited  force  level  generated  by  the  Harkov  process 
described  in  the  previous  section. 


Figure  2.9  shortage  in  the  Airborne  Coaaunity. 
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S  »  A  -  (H  ♦  (b  •  X)  ) 


where  S  represents  shortage 

A  represents  the  authorized  inventory  level 
at  tiae  period  n 

H  represents  the  current  force  level 
at  tiae  period  a  -  1 
h  represents  the  course  ecapletion  rate 
X  represents  the  nunber  of  personnel  who 
enter  SQI  training  . 

Por  each  job  type,  this  relationship  can  be  expressed  as: 


Sijk  *  *ijk  '  <Ni j k 


♦  b  •  X  ) 
k  ijk 


(egn  2.2) 


where  i  denotes  the  specific  nos 

j  denotes  the  specific  grade/skill  level 
k  denotes  the  specific  SQI. 

The  syabcl  S  represents  the  shortage  for  each  duty  posi¬ 
tion  as  specified  by  80S  i,  SL  j,  and  SQI  k.  We  let  A 

ijk 

and  be  the  saae  quantities  as  in  the  preceding  equation 

except  that  each  refers  to  a  specified  duty  position 
described  by  the  subscripts  i,  j,  and  k.  The  course  comple¬ 
tion  rate  is  represented  as  b  for  SQI  k  and  is  net  depen- 

k 

dent  on  i  or  j  because  no  distinction  is  nade  by  NOS  and/or 
SL  while  a  soldier  is  undergoing  SQI  k  training.  The  symbol 
I,  represents  the  nusber  of  personnel  with  HOS  i  and  SL  j 
who  should  enter  into  SQI  k  training  in  order  to  fill  the 


vacancy  in  a  duty  position  specified  by  i,  j  and  k.  In 
accordance  with  the  optimization  of  training  reguireaents  as 
discussed  in  Chapter  1,  the  decision  variable  chosen  for 
this  cptisization  is  X^^. 

As  discussed  in  the  previous  chapter,  the  authorized 
inventory  levels  are  provided  by  the  PSRSACS  docuaent.  The 
course  ecapletion  rate  of  each  type  of  SQI  training  is 
provided  frea  empirical  data  while  current  force  levels  are 
either  provided  by  historical  data  for  the  initial  tiae 
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period  cz  by  the  predicted  force  levels  of  the  succeeding 
tiee  pericds  as  generated  by  the  Harkov  process  described  in 
the  previous  section.  The  interpretation  of  (b^«x 
the  nueber  of  qualified  soldiers  who  will  enter  into  the 


airborne  coaaunity. 


Since  the  eleaents  of  the  expression 


~  are  derived  free  known  data,  this  expression 

can  represented  as  a  single  tera  a 

ijk 


=  { A  -  M  )  . 

ilk  ilk  ijk 


ijk  ijk  ijk 

Ey  substituting  the  tera  a^  ^  into  Equation  2.2,  the  result 
is:  ^ 


S  *  a  -  (b  •  X  ). 
ijk  ijk  1  k  ijk1 


(eqn  2.3) 


Thus,  since  the  objective  is  to  ainimize  the  sub  of  all 
shortages  of  personnel  for  each  duty  position  as  specified 
by  HOS  i,  SL  j,  and  SQI  k,  the  objective  function  can  be 
aatheaatically  expressed  as: 

Hiciaize  V  (a  -  (b  •  X.  >  ) . 

f  ijk  k  i jk 


This  objective  function  assesses  the  sane  penalty  to 
each  vacancy  of  each  type  of  duty  position.  The  penalty  of 
the  first  vacancy  is  equal  to  the  penalty  of  the  second  and 
third  and  so  on.  Although  this  scheme  nay  be  mat hematically 
feasible,  it  does  not  realistically  capture  the  dynamics  of 
this  problem.  In  the  airborne  community,  unit  readiness  is 
inversely  related  to  the  shortage  of  personnel. 

For  exaaple,  as  the  shortage  of  personnel  increases 
the  unit  effectiveness  decreases.  If  a  unit  of  one  hundred 
men  is  short  ten  men  then  it  is  considered  to  be  able  to 
continue  its  primary  mission.  But,  if  that  same  unit  is 
short  twenty  men,  it  is  considered  able  to  continue  its 
primary  mission  subject  to  certain  restrictions.  ffhen  that 


4  1 


unit  is  shcrt  forty  sen  then  it  is  considered  unable  to 
perfcxa  any  of  its  priaary  aissions. 

The  question  of  what  relationship  really  exists 
between  shortage  and  readiness  has  not  really  been  quanti¬ 
fied.  However,  it  is  accepted  that  an  inverse  relationship 
does  exist  between  shortage  and  readiness  [Ref.  4].  Also, 


the  assuaption  will  be  aade  that  there  is  no  penalty  for 
being  over  the  authorized  level  in  any  duty  position.  The 
aarginal  difference  between  each  shortage  can  be  viewed  as  a 
penalty  and  aust  increase  with  each  successive  vacancy.  As 
a  result,  the  desired  fora  of  the  objective  function  is 
graphically  shown  in  Figure  2.10.  Thus,  the  linear  rela¬ 
tionship  is  clearly  net  adequate. 
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The  quadratic  function  satisfies  the  inverse  relationship 
described  earlier  in  this  section.  This  choice  of  objective 
function  is  arbitrary,  but  it  does  have  the  property  of 
penalizing  each  additional  shortage  with  increasing 
severity.  Other  objective  functions  could  be  handled  using 
the  sane  nethodology  discussed  below. 


of  the  Constraints 


Here  are  twc  factors  that  restrict  the  decision 
variables  X  .  One  is  the  budget  while  the  second  is  the 
school  capacity.  The  total  nunber  of  soldiers  who  enter  SQI 
training  cannot  exceed  the  capacity  L  of  the  respective 
school  during  the  ccrresponding  tine  period.  Also,  the 
total  cost  of  training  all  soldiers  who  enter  all  SQI 
training  cannot  exceed  sone  budget  level,  B,  which  is  alio* 
cated  for  SQI  training.  Ha thenatically,  the  school  capacity 
constraint  can  be  expressed  as: 


z  z 

i  j 


X  <  L 
i  jk  k 


k*  1 , 2| 


For  exanple,  if  five  hundred  soldiers  can  be  acconnodated  in 
ranger  training  thrcughout  the  year  by  the  United  states 
Irny  Banger  School,  then  the  total  nunber  of  soldiers  of  all 
BOS* s  and  skill/grade  levels  that  can  enter  into  that  type 
of  SQI  training  is  liiited  to  500.  This  linitation  can  be 
the  result  of  living  acconcdations,  student-cadre  ratio, or 
any  other  factor  which  sets  a  physical  restriction  on  the 
nusber  of  students  that  can  be  effectively  trained.  The 
budget  constraint  can  be  aa thenatically  expressed  as: 
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i  j  t 

where  t  is  the  training  cost  for  the  kth  type  of  SQI 
training.  The  derivation  of  this  cost  will  be  discussed  in 
the  fcllcwing  section. 

3.  Hi  £221  2i 

Shile  the  soldier  is  undergoing  training,  hazardous 
duty  pay  is  paid  until  that  training  is  coapleted.  If  a 
soldiex  fails  to  complete  the  entire  course,  he  is  paid  a 
pro-rated  sue  dependent  on  the  length  of  training  coapleted. 
Soee  soldiers  will  fail  in  the  early  portions  of  the  course 
while  scae  will  fail  in  the  latter  portions  of  the  course. 
If  tines  ef  failure  are  assuaed  to  be  unifornly  distributed 
over  the  fiscal  year,  the  average  tiae  of  failure  is  the 
aidpcint  of  the  training  period,  and  the  cost  of  that 
failure  is  half  the  cost  of  training  a  soldier  for  the 
entire  fiscal  year. 

Once  a  soldier  ceapletes  the  training  and  is 
assigned  to  a  unit  within  the  airborne  conaunity  which  is  on 
'juap  status',  he  is  paid  hazardous  duty  pay  until  he  leaves 
the  airborne  coaaunity.  This  cost  represents  the  cost  to 
nan  the  force  and  is  dependent  on  the  tine  when  a  soldier 
enters  the  airborne  coaaunity.  soae  soldiers  will  enter  in 
the  beginning  while  soae  will  enter  during  the  latter 
portion  of  the  fiscal  year.  is  a  result,  the  distribution 
of  entry  tiaes  into  the  airborne  coaaunity  by  soldiers  just 
coapleting  SQI  training  is  also  assuaed  to  be  uniforaly 
distributed  over  the  fiscal  year.  Therefore,  the  average 
tiae  of  entry  is  the  aidpoint  of  the  fiscal  year,  and  the 
cost  of  Banning  that  soldier  is  half  the  cost  of  Banning  a 
soldier  for  the  entire  fiscal  year. 
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Met  all  soldiers  who  ester  into  SQX  training  will  be 
assigned  to  a  duty  position  which  is  a  part  of  a  unit  on 
*juap  status*.  Therefore,  this  Banning  cost  will  only  apply 
to  those  soldiers  vhc  fill  duty  positions  which  belong  to 
units  on  *  jusp  states*.  The  percentage  of  shortages  of 
*juap  status*  units  with  respect  to  the  total  shortages  can 
be  expressed  as: 

the  nuaber  of  "jump"  vacancies  in  SQI  k 

PCT  - - — - - — -  (eqn  2.4) 

k  the  total  vacancies  is  SQI  k 

The  total  ccst  of  training  for  any  fiscal  year  is 
the  sua  of  the  hazardous  duty  pay  for  soldiers  who  complete 
and  fer  those  who  fail  SQI  training  and  the  hazardous  duty 
pay  fer  the  remaining  fiscal  year  for  soldiers  who  complete 
training  and  are  subsequently  assigned  to  a  "jump"  unit. 
This  is  graphically  represented  in  Pigure  2.11. 

Bathe aatically,  this  cost  T  is  expressed  as 


T  *  <c  «b  •!.  )  ♦  (c  /2*  (1®b  )•!  )  ♦  {m/2»b  »X  )  »PCT 

k  k  k  ijk  k  k  ijk  k  ijk  k 


where  T  represents  the  cost  tc  train  all  soldiers 
in  SQI  k  during  the  fiscal  year 
c  represents  the  cost  to  train  one  soldier 
in  SQI  k 

represents  the  course  completion  rate  of 

SQI  k  training  for  the  fiscal  year 

a  represents  the  cost  to  man  one  soldier  in 

the  airborne  coaaunity  for  a  fiscal  year 

Z  represents  the  nuaber  who  enter  training 
ijk 

during  the  fiscal  year 

PCTj'  represents  the  percentage  of  'juap  status* 
vacancies  in  a  fiscal  year 

By  algebraic  manipulation,  the  following  expression  results. 
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T  *  1/2 (C  (C  ♦  ■  •  PCT  )  «b  ]♦  c  }  •  X 
k  k  k  k  k  ijk 

Sine®  X  is  the  variable  equal  to  the  nunber  of  soldiers 
who  entel*into  SQI  k  training  fros  HOS  i  and  SL  j.  The  cost 
incurred  by  each  soldier  entering  into  a  particular  type  of 
SQI  training  during  the  fiscal  year  is 

t  ■  1/2 ((  (c  ♦  a  •  PCT  )  «b  ]♦  c  } .  (eqn  2.5) 

k  k  k  k  k 
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Figure  2.11  cost  of  SQI  Training. 
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The  aathaaatical  representation  of  the  optimization 
problea  is: 


Hiniaize 

Subject  to 


2  2  2> 

i  j  * 

2  22  s 

1  j  k 

2  2 

i  j  - 


2 


-  b  •! 
i  jk  k 

ijt 

(objective  function) 

•  X  £ 

ijk 

B 

(budget  constraint) 

X  £ 

ijk 

L 

k 

(school  capacity) 

X  > 

ijk 

0 

(non-neg  ati  vit  y) 

Bote  that  this  problea  can  be  viewed  as  three  sukprcbleas 
related  by  a  budget  restriction.  This  allows  the  original 
problea  tc  be  re-written  in  the  following  foraat. 


PARACHUTIST 


BIB  T 

U  -b^  fX^  j 

if  j 

ijl  1  i j  1 

2 

t  *x 

1  ijl 

if  j 

2 

X 

ijl 

if  j 

RANGES 


♦  (a  -b  «X  ) 
ij2  2  ij2' 


t  «*X 
2  ij2 


I  ♦  (a 


SPECIAL  PCBCES 
2 

-b  »X  ) 
ij3  3  ij3* 


t  •*  £  B 

3  ij3 


2 

i»  J 


iJ2 


<  L 


<  L 


2 

i»  j 


X  <  L 

ij3  3 


If  the  cptiial  porticn  of  the  budget  allocated  to 
each  subproblea  is  ktcwn  then  each  subproblea  can  be  solved 
independently.  Thus,  the  critical  question  is  "how  should 
the  overall  budget  be  allocated  to  the  three  subprobleas?" 


s .  sag! is.  itaaisaaiaa 


Dynaaic  Progressing  is  an  optisizing  strategy 
[Baf.  5]  ncraally  applied  to  a  class  of  probleas  which 
require  a  sequence  cf  related  decisions  and  is  ideally 


Figure  2.12  Stage  Diagraa  for  the  Airborne  Coaaunity. 


suited  for  the  question  just  posed.  The  problea  can  be 

sieved  as  shown  in  Figure  2.12  where  each  stage  corresponds 

to  one  of  the  sutprofcleas.  For  exaaple,  stage  1  represents 

the  subprcblea  pertaining  to  parachutist  training.  Entering 

into  a  particular  stage  k  is  the  state  variable  which 

correspcnds  to  the  reaaining  budget  to  be  allocated.  Also 

associated  with  each  stage  k  is  a  decision  variable  B  which 

k 

represents  the  aaount  of  the  budget  allocated  to  stage  k 
and  a  stage  return  function  which  gives  the  shortage 

penalty  associated  with  that  stage  (SQI)  as  a  function  of 
the  decision  variable  B^.  The  construction  of  the  stage 


return  function  is  discussed  in  detail  later  in  this 
section. 

The  original  guestion  pertaining  to  the  allocation 
of  the  budget  aeong  the  three  subprobless  can  be  stated  as: 


(Sinicize 

B 

k 


E  (B  ) 
k  k 


Subject  to  2 
k»1 


B  <  E 
k 


B  >  0 
k 


for  k  *  1,2,3. 


If  f  (X  )  is  defined  to  be  the  optiaal  (ainiaua) 
k  k 

total  penalty  froa  the  stages  1  through  k,  then  the  dynaaic 
prograaaing  recursive  equations  for  all  stages  except  the 
first  can  be  aatheaatically  written  as: 

f<I>  *  CB  (B  )  ♦  f  (X  )],  X  -  X  -  B 
k  k  k  k  k-1  k-1  k-1  k  k 


where  F  (B  )  represents  the  shortage  penalty  for  the  kth  SQI 
k  k 

fk  ^ (X^  ^ )  represents  the  reaaining  ainiaua  penalty  assoc¬ 
iated  with  the  stages  1,2, ...k-1  after  the  de¬ 
cision  Bk  has  been  aade  and  a  budget  of  Xk-1 
reaains. 

For  this  specific  protlea,  when  there  are  three  stages,  the 
recursive  equations  can  be  expressed  as: 


STAGE 

3 

f3  «V 

*  min 

B 

3 

[B  (B  )  ♦ 
3  3 

VV  i- 

X  *  X  -  B 

2  3  3 

STAGE 

2 

W 

*  MIN 
B 

2 

CB  <b  »  ♦ 
2  2 

vvj' 

X  *  X  -  B 

1  2  2 

STAGE 

1 

vv 

*  MIN 
B 

[^(B  )  ]. 
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These  recusive  equations  reflect  the  principle  which 
was  stated  by  Bellaan  [Bef.  6]  as  the  principle  of  opti- 
aality. 

"An  optiaal  policy  has  the  property  that  whatever  the 
initial  state  and  initial  decision  are,  the  remaining 
decisicss  east  constitute  an  optiaal  policy  with  regard 
to  the  state  resulting  froa  the  first  decision." 

Specifically,  no  aatter  what  decision  is  made  on  how  auch  is 
to  be  allocated  to  parachutist  training,  the  decisions 
pertaining  to  ranger  and  special  forces  training  must 
constitute  an  optiaal  policy  with  respect  to  the  reaaining 
budget.  Thus,  the  recursive  equation  for  f^X^)  combines 
the  iaaediate  penalty  8^(8^)  vith  the  optimal  penalty  from 
the  ranger  and  special  forces  SQI  which  is  expressed  as  a 
function  f^  of  the  reaaining  budget  X^-B^. 

The  solution  cf  the  recursive  aquations  listed  above 

begins  with  the  coaputation  of  f ^  (X^)  for  all  values  of  X^ 

which  range  between  zero  and  the  budget  restriction  B.  once 

this  is  ccapleted,  the  function  f^(X^)  is  computed  for  all 

values  of  X  between  0  and  E.  Finally,  the  function  f  (X  ) 

2  3  3 

is  calculated  for  the  given  value  of  budget  B. 

The  preceding  discussion  assumed  that  the  return 
functions  B^P^)  are  available;  and,  if  so,  then  the 
strategy  cf  dynaaic  prograaaing  can  be  used  to  deteraine  the 
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cptiaal  allocation  of  budget  E  to  the  three  stages  corre¬ 
sponding  to  the  three  types  of  SQI  training.  The  construc¬ 
tion  of  the  stage  return  function  will  be  discussed  in  the 
following  section. 

a.  Determination  of  the  Beturn  Function 


The  stage  return  function  B  (B  )  represents  the 

penalty  associated  with  SQI  k  when  units  of  the  budget 

are  allocated  to  kth  type  of  SQI  training.  The  construction 

of  the  stage  return  function  B  (B  )  for  one  type  of  SQI 

k  k 

training  will  be  discussed. 

The  optiiization  problea  for  the  kth  type  of  SQI 
training  can  be  aatheaatically  expressed  as: 
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(budget  constraint) 
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(non-negativity) 


where  Bk  represents  a  portion  of  the  overall  budget. 


Hote  that  the  aaount  of  budget  allocated  in  a  particular 
type  of  SQI  training  is  a  function  of  the  cost  of  training 
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This  optinal  value  is  the 
described  in  the  previous 


The  objective  function  can  be  expressed  as: 
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and  tha  constraints  can  be  written  as 

Zr*  X  S  B  /t 

Z  ijk  k  k 
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Xj  >  0. 
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Hote  that  only  one  constraint  will  be  active. 

If  L  b  B/t  ,  then  tfce  first  constraint  is  the  eore  restric- 
k  k 

tive  one.  On  the  ether  hand,  if  L  <  B/t  ,  the  second 

k  k 

constraint  'will  be  the  eore  restrictive  one.  Because  of 
this  unique  structure,  the  problea  can  be  rewritten  as 

2  «  2 
Biniaize  Z  *  b  5!  ((a  /b  )  -  X  ) 

k  ijk  k  ijk 


Subject  to  5!  2! 
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where  CP  ■  HIH(L  ,B  /t  } 
k  k  k  k 


The  capacity  restriction  CP  places  an  upper 

k 

bound  on  the  total  nuaber  of  training  slots  which  can  be 
allocated  to  that  SQI.  Moreover,  a  training  allocation  will 
be  aade  in  the  categcry  specified  by  the  subscripts  i,  j, 
and  k,  having  the  greatest  "shortage"  (a^ ^/b^)  • 

This  preblea  can  now  be  viewed  as  a  single 
resource  allocation  problea.  Bach  additional  aan  is  allo¬ 
cated  where  the  aarginal  decrease  in  the  objective  function 
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is  greatest  since  tie  penalty  is  most  severe  for  the  posi¬ 
tion  of  greatest  shortage.  In  order  to  facilitate  this 
allocation  scheae,  all  shortages  within  a  particular  SQI 
category  are  ordered  with  the  category  of  greatest  shortage 
first.  Allocations  are  aade  until  the  reaaining  shortage  of 
the  first  category  is  equal  to  the  shortage  of  the  second 
category.  The  allocations  then  continue  with  alternating 
allocations  being  aade  to  these  two  categories  until  both 
shortage  levels  are  equal  to  the  shortage  of  the  third 
category.  The  allocation  scheae  continues  in  this  way  until 
all  shortage  levels  are  reduced  to  zero  or  until  the 
capacity  restriction  CP^  become  binding. 

Once  an  allocation  is  aade,  the  value  for  the 
objective  function  of  the  subproblea  is  calculated.  These 
values  with  their  corresponding  budget  values  constitute  the 
return  function  H^B^)  for  "that  particular  SQI  category. 
Further,  these  values  are  optiaal  for  the  corresponding 
budget  values.  Also,  the  allocations  are  the  optiaal 
distribution  plan  for  a  specified  level  of  the  budget. 

An  exaaple  of  the  construction  of  the  stage 

return  function  H  (B  )  is  listed  in  Tables  VI  and  VII  as  the 

k  k 

distribution  plan  and  the  return  function  values,  respec¬ 
tively.  In  this  exaaple,  the  two  duty  positions  11B20V  and 
11B30V  have  existing  shortages  of  three  and  two,  respec¬ 
tively,  and  the  cost  cf  training  a  soldier  in  this  partic¬ 
ular  SQI  was  ten  dcllars.  The  allocation  procedure  as 
described  above  was  prograaaed  for  a  computer.  The  FOBTBAN 
prograa  is  listed  in  Appendix  A. 

b.  Application  of  a  Special  Algorithm 

In  the  preceding  problen,  the  solution  process 
viewed  the  whole  pxoblea  as  three  budgetary-related  subprcb- 
leas  in  a  particular  sequence.  However,  this  prcblea 


TABLE  TI 

Distribution  Plan 


1st  ALLOCATION: 
Shortage 

Initial  Beaaining 

3  o 

2  2 

2nd  ALLOCATION:* 

.  Shortage 
Initial  Beaaining 

m  •  t  a 

2  2 

3rd  ^  ALLOCATION:  * 
Shortage 

Initial  Beaaining 

3.  1. 

2.  1. 

4th  ALLOCATION: 
Shortage 

Initial  Beaaining 

3.  0. 

2.  1. 

5th  ALLOCATICB: 
Shortage 

Initial  Beaaining 

3.  0. 

2.  0. 


Allocation 
1  11B20V 

0.  11B30V 


Allocation 
2.  11B20V 

0.  11B30V 


Allocation 
2.  11B20V 

1.  1 1  B30  V 


Allocation 
3.  11B20V 

1.  11B30V 


Allocation 
3.  11B207 

2.  11B30V 


TABLE  VII 

Beturn  Function  Values 

Budget  Z-Value 

10  100 

18  a 

40  49 

5  0  36 

Rote:  The  Z-val 
function 

ue  is  the  value  of  the  objective 
for  a  particular  SQI. 
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pertaining  to  the  airborne  community  has  the  distinct  prop¬ 
erty  that  allocating  to  the  category  of  greatest  shortage  is 
eqai valent  to  allocating  to  the  position  vhich  contributes 
the  greatest  aarginal  decrease  in  the  objective  function. 
This  prohlea  can  now  be  viewed  as  a  "knapsack"  problem  which 
asks  for  optimal  allocations  of  parachutists,  rangers,  and 
special  forces  soldiers  to  training,  given  a  particular 
budget.  If  the  specified  budget  is  treated  as  a  knapsack, 
it  can  be  filled  by  adding  training  allocations  of  desig¬ 
nated  costs  which  when  added  to  the  knapsack  will  marginally 
decrease  the  overall  shortage  of  the  personnel  system.  The 
cost  for  each  training  allocation  is  the  training  cost  for 
each  soldier  sent  into  a  designated  type  of  SQI  training. 
Each  training  allocation  in  the  knapsack  is  a  different  item 
with  a  specific  value  and  cost.  Thus,  the  optimization 
problem  can  be  restated  as: 
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Hinimize  s  *  2  ’J1  ) 

k  k 

k*1 
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Subject  to  2  t  «x  -  B 

k  k 
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X  >  0 
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represents  the  shortage  function  ( (A-F)  -Bk«N) 
represents  the  return  (penalty)  function  for  the 
kth  type  of  SQI  training 

represents  the  training  cost  for  the  kth  type  of 
SQI  training 

represents  the  number  cf  soldiers  allocated  to  the 
kth  type  of  SQI  training. 


The  return  function  v  is  a 

k 


marginally 
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decreasing  penalty  function  where  each  additional  allocation 
decreases  the  shortage  function  S  at  a  sarginally  decreasing 


Figure  2.13  The  Return  (Penalty)  Function. 


rate.  This  is  graphically  represented  in  Figure  2.13.  The 
return  function  can  further  be  defined  as: 

W  *  *  V1’ 

i*  0 

where  H^(i)  represents  the  sarginal  return  (decrease)  asscci 

ated  with  the  increase  in  allocation  fron  X  =i-l 

k 

to  X  *i . 
k 

The  sarginal  return  H^(i)  is  sathesatically  defined  as: 


4*4.1 
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An  algorithm  which  exploits  the  structure  of  the 
knapsack  prchlee  is  the  backward-looking  algoritha  discussed 
by  Dreyfus  and  Law  (Bef.  7],  although  that  algoritha  is 
presented  only  in  the  context  of  constant  aarginal  returns. 
In  the  pzcblea  pertaining  to  the  airborne  community,  the 
values  of  v^  are  decreasing  but  the  iapleaentation  of  the 
algoritha  is  the  saae.  In  this  problem,  the  decision  is 
"into  which  category  do  we  place  the  first  and  each  subse¬ 
quent  training  allocation?"  Once  an  allocation  is  made  to 
the  ith  category,  a  value  v^  is  obtained  and  the  remaining 
available  budget  is  E-t^.  The  recurrence  relation  for  f  (B) 
can  be  written  as: 


t  ib)  -  glyij'j 


«  a  (B-t  )  ♦  f <B-t  )) 

k  k  k  k 


where  f  (E)  represents  the  cptiaal  (ainiaal)  total  penalty 
that  can  be  obtained  from  the  three  SQI  categor¬ 
ies  when  the  available  budget  is  B. 

X^  (B)  represents  the  cptiaal  value  of  X^  when  the 
available  budget  is  B. 

Therefore,  given  a  specific  budget,  an  optimal  scheae  of 
allocaticrs  among  tbe  three  types  of  SQI  training  can  be 
computed. 

Two  conditions  sake  the  algoritha  easier  to 
iapleaent.  First,  that  the  costs  and  the  budget  are  all 
integer  or  can  be  scaled  to  be  integer.  For  example,  if  the 
budget  was  $10.40  then  it  can  be  scaled  to  1040  cents. 
Second,  that  the  greatest  ccaacn  divisor  among  the  budget 
and  costs  is  one. 

An  exaaple  of  this  algoritha  is  graphically 
represented.  The  costs  t^,  the  marginal  returns  v^,  and  the 
categories  of  shortage  are  listed  in  Table  Tin.  A  hori¬ 
zontal  line  is  shown  in  Figure  2.14  which  represents  the 
available  budget  in  dcllars. 
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TABLB  VIII 

Costs  and  Marginal  Returns 


TRAINING  A 


TRAINING  B 


TRAINING 


VI 

B2 

V2 

B3 

V3 

-5 

1 

-18 

1 

-46 

-4 

2 

-17 

2 

-43 

-3 

3 

-11 

3 

-9 

-2 

4 

-8 

4 

-1 

-1 

5 

-7 

5 

0 

Costs  of  training  :  tA*1,  tB*2#  tc*3 
Budget:  B*10 

Shortage:  SA*5,  SB* 5,  SC*5,  j*3 


Figure  2.14  Available  Budget. 


m 


At  any  point  ?,  a  tenplate  of  SQI  training  costs 
t^  graphically  portrays  the  possible  paths  by  which  the 
budget  corresponding  to  point  P  could  have  been  reached.  At 
point  P  (budget  «  7)  ,  the  optiaal  solution  is  sought  and  the 
graphical  representation  of  the  situation  is  shown  in  Figure 
2.15.  Allocation  vectors  are  also  shown  for  budgets  4,  5, 
and  6,  and  represent  the  optiaal  allocation  among  the  three 
types  of  training  at  the  point  directly  above. 

Proa  the  point  P,  an  allocation  can  be  deter- 
ained  by  looking  back  to  the  allocations  sade  at  the  budget 
levels  4,  5 ,  and  6.  Proa  the  budget  levels  4,  5,  and  6,  a 
training  allocation  can  be  aade  to  training  types  Cv  B ,  and 
A,  respectively.  The  corresponding  costs  and  aarginal 


W 


43 


-17 


|-~l — 4 — j — , — j — — j...., 

(!)  (i)  (!)  (i)  (ft  (!)  (!)  (!)  (I!) 

0  -5  -18  -46  -51  -64  -89  -94  f  IB) 

Figure  2.15  Available  Budget. 


values  for  the  allocations  to  training  types  c,  B,  and  A, 
are  S3,  $2,  $1,  and  -43,  -17,  -5,  respectively.  The  optiaal 
solutions  at  4,5  and  6,  were  -51,  -64.  and  -89.  The  three 
possible  values  for  point  P  are: 


Harginaljralue  f  (B-t)  ] 


♦ 

♦ 

♦ 


Possible  Value 


Given  a  budget  of  seven,  the  optisal  allocation  vector  can 
be  foned  by  the  addition  of  a  training  allocation  in 
category  C  to  the  allocation  vector  of  budget  4  or  the  addi¬ 
tion  of  a  training  allocation  in  category  A  to  the  alloca¬ 
tion  vector  of  budget  6.  (i.e.  The  vector  (1,0,1)  for  budget 
equal  to  four  becoses  (1,0,2)  for  a  penalty  of  -94.) 

C&ce  the  optisal  allocation  of  the  budget  is 
determined,  the  distribution  plan  generated  as  discussed  in 
the  previous  section  and  listed  in  Table  VI  designates  the 
specific  duty  positions  for  each  type  of  training.  The 
application  of  this  algoritha  to  CHF  11  and  CHF  13  will  be 
discussed  further  in  the  next  chapter. 


C.  TEE  1GGBBSATE  HODEL 

The  forecasting  and  optimization  models  when  linked 
together  fora  the  aggregate  model  which  seets  the  goals 
established  in  Chapter  2.  There  are  two  bonds  that  exist 
between  the  eodels.  The  first  connection  is  an  output* input 
linkage  between  the  forecasting  and  optimization  aodels. 
The  force  sector  N  which  is  generated  by  the  forecasting 
■odel  is  an  integral  part  cf  the  quadratic  objective  func¬ 
tion  within  the  cptisization  aodel.  The  individual 
components  n  of  the  force  vector  as  defined  earlier 
represent  the  number  of  soldiers  in  duty  position  g  at  the 
end  of  the  fiscal  year.  The  subscript  q  refers  to  a  duty 
position  specified  by  NOS  i,  SL  j,  and  SQI  k.  The  corre¬ 
spondence  between  subscript  q  of  the  forecasting  model  and 
the  subscripts  i,  j#  k,  of  the  optimization  aodel  is  seen  in 
figures  2.7  and  2.8  cf  section  i.1.  This  definition  is  the 
sane  for  the  force  level  variable  H  ^  of  the  optimization 
model.  The  correlaticn  between  duty  position,  BOS,  SL,  and 
SQI  as  discussed  in  Chapter  1  leads  to  the  following  rela¬ 
tionship  between  the  two  models: 

n  »  H,  „  .  (eqn  2.6) 

q  i  jk 

Hence,  the  force  vector  N  is  the  output-input  link  which  is 
generated  by  the  forecast  acdel  and  subsequently  is  the 
input  to  the  optimization  aodel. 

The  second  connection  is  also  of  the  output-input  type. 

The  optimal  value  of  the  decision  variable  X  ^  is  essential 

in  generating  the  recruitment  vector  B  of  therorecast 

aodel.  The  quantity  y)  represents  the  number  cf 

soldiers  with  BOS  i  and  SLJ  j  who  must  complete  SQI  k 

training.  The  individual  components  r  of  the  recruitment 

q 

vector  represent  the  number  of  soldiers  who  must  enter  into 
duty  position  q  at  the  end  of  the  fiscal  year.  since  the 
completion  of  SQI  training  is  a  prerequisite  for  entrance 
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into  any  airborne  subcoaau nity,  r  is  equivalent  to  the 
nuabcr  of  soldiers  in  a  particular  los  and  SL  who  complete  a 
specific  type  of  SCI  training  daring  the  fiscal  year. 
Because  cf  the  correlation  between  duty  position,  NOS,  SI, 
and  SCI#  the  following  relationship  results: 


r 

9 


b  «Z 
k  ijk 


(eqn  2.7) 


This  relationship  between  £  and  8  is  the  second  output- input 


link  between  the  optiiizaticn  and  forecasting  model. 


The  process  of  the  aggregate  aodel  is  cyclic.  &  graph¬ 
ical  representation  of  this  process  is  shown  in  Figure  2.16. 

Implementation  of  the  aggregate  aodel  begins  by 
obtaining  the  nuaber  cf  pro  not  ions  within  and  attritiocs  out 


cf  the  airborne  coaeunity  frea  historical  data.  Also,  the 
authorizations  and  current  force  levels  pertaining  to  the 
initial  fiscal  year  t  aust  be  obtained. 

Once  the  above  data  has  been  obtained,  the  process  will 
continue  with  the  deteraina ticn  of  the  recruitment  vector  & 
by  the  optimization  ncdel.  The  recruitment  vector  is  then 
used  in  the  forecasting  aodel  above  to  generate  the  force 
vector  H  for  the  next  fiscal  year  t+1.  Subsequently,  the 
force  vector  £  for  fiscal  year  t+1  is  used  in  the  optimiza¬ 
tion  aodel  as  part  of  the  objective  function  to  generate  the 
recruitment  vector  J  for  the  next  FT  t  +  1.  If  the  forecast 
pertains  to  aultipla  years,  then  the  process  is  repeated 
until  the  aulti-year  forecast  is  completed.  The  execution 
of  the  aggregate  aodel  and  its  application  to  both  CHF*s  11 
and  13  will  be  discussed  in  the  following  chapter. 


THE  AGGREGATE  MODEL 


Figore  2.16  aggregate  Modal  Process 


m.  2252ZXI2J!  of  ns  flggs* 

In  this  chapter#  the  data  required  to  estimate  the 
paraaetezs  for  the  optimization  and  forecasting  aodels  will 
he  discussed.  The  parameters  of  both  aodels  will  be  calcu- 
lated  from  empirical  data  of  fiscal  7ear  1983.  The  results 
generated  by  the  aggzegate  model  which  are  applicable  to  CHF 
11  and  CNF  13  and  pertain  to  the  subsequent  fiscal  years 
will  be  discussed  at  the  end  of  this  chapter. 


1.  DISCDSSIOm  OF  Oil  1 


i.  lia  QgUilJfiSlga  fiscal 

There  are  four  parameters  which  must  be  calculated 

before  the  model  can  be  run.  The  first  two  parameters  are 

the  course  completion  rate  b  and  the  training  cost  t  for 

k  k 

for  each  of  the  three  SQI*s  which  affect  the  operation  of 
the  optimization  model.  The  ether  two  parameters  are  the 
overall  training  budget  B  and  the  school  capacity  for 

each  of  the  three  SCI's.  They  are  considered  given  and 
non-negotiable.  However#  to  operate  the  optimization  model 
for  only  CBF  11  and  CBF  13#  an  estimated  percentage  of  the 
last  two  parameters  affected  by  the  respective  CHF's  needs 
to  be  determined.  If  all  CBF's  were  considered  in  the  oper¬ 
ation  of  the  optimization  model  then  the  budget  and  the 
school  capacity  would  be  the  amounts  originally  stated. 

a.  Course  Ccspletien  Bate 


The  course  completion  rates  b  #  (k  *  P,V#S)  for 

k 

the  three  types  of  SCI  training  conducted  during  FT  83  were 
calculated  by  the  Izmy  Training  Requirements  and  Resource 
System  (ITTBS) .  These  rates  are  listed  in  Table  IX. 
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.* 
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T1BLE  IX 


Course  Completion  Bates  (PY83) 


SQI  Training 
P-  parachutist 


Course  Coapletion  Rate 


•ranger 
s-special  forces 


fc.  cost  of  Training 


The  training  costs  t  ,  (k  =  P,V,S)  ,  for  the  three 

k 

types  of  SCI  are  calculated  by  using  Equation  2.5.  The 


critical  step  in  calculating  the  training  cost  tk  is  to 
calculate  the  percentage  of  soldiers  who  go  to  follcw-on 
"jump"  assignments  upon  completion  of  the  SQI  training.  The 


empirical  data  used  to  calculate  this  percentage,  PCT^, 
(k»P,V,S)  for  the  three  type  of  SQI' s  is  listed  in  Tables  X, 


the  individual  hazardous  duty  pay  prorated  to  the  duration 


of  training.  The  following  hazardous  duty  pays  c^, 
(k»P,¥,S)  for  the  three  type  of  SQI's  are: 


$63.75  (3  weeks  9  $85.00  per  month) 
$17 0.00  (8  weeks  9  $85.00  per  month) 
$255.00  (12  weeks  9  $85.00  per  month) 


XI,  XII.  Using  Equation  2.4  in  section  B.  3  of  chapter  2, 
the  corresponding  percentages  are  listad  in  Table  XII. 

Two  additional  items  are  needed  to  calculate  the 


training  cost  t^  for  each  type  of  SQI.  The  first  item  is 


The  second  item  needed  is  the  yearly  manning  cost  a  which 
represents  the  hazardous  duty  pay  given  to  a  soldier  on 
"jump”  status  during  the  fiscal  year.  This  cost  is  $1020. 
Bith  the  course  coapletion  rates  listed  in  Table  IX,  the 


rarefy 
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TABLE  Z 
SQI  P  (FT  83) 
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13 
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14 

21 


10 

10 

1 

4411 


■OTB:  The  figures  *n  parenthesis  are  the  authorizations  vhich 
include  the  2.0  BIBPOBBB  POOL  factor  described  in  Chapt 


Chapter  1. 


TABU  XI 
SQX  T  (fT  83) 


PoiSiloB 

IS2B51' 

IHTEITOBI 

IBVBBTOBI 
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TOTAL 
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14 

8 
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4 
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TOT  11 

26 

169 

“  ^0PHSIoa!B1foo!*ricTOBni«Scr!b^°lS  Chapter  1. 


training  costs  t^,  (k*P,V,S)  can  now  be  calculated  by  using 
Equation  2.  S  of  Section  B.3  in  Chapter  2  and  are  listed  in 
Table  XIV. 

c.  Training  Eudget 

The  training  budget  of  the  airborne  coaaunity 
for  ET  83  was  2,800  aan- years.  This  is  converted  into 
budget  dollars  by  aultiplying  each  nan-year  by  the  naming 
cost.  Tie  total  budget  to  fill  the  shortages  for  all  duty 
positions  is  $2,856,000.  However,  CMP  11  and  CMP  13  are 
only  a  portion  of  all  the  duty  positions  which  enconpass  the 
airborne  connunity.  Since  training  allocations  will  be  nade 
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TiBLE  ZII 


SQI  S  (FT  83) 


IBKP 


IBTEMTOBT  I  DTE ITOBT  "JUMP"  TOTAL 

U/O  POOL  B/POOL  SHO STAGE  SHOE TAGS 


1 IB IQS 
11B20S 
11B30S 
1 1B4QS 
11BS0S 
11C10S 
11C2QS 
1 1C30S 
1 1C«OS 


398  796 

483  966 

0  0 


144  1  288) 


TOTAL 


■OTB:  Th«  2 if arcs  in  psrunthusis  are  the  authorizations  which 

include  the  2.0  8UP0HEB  COOL  pactob  described  in  Chapter  1. 


to  these  duty  positions  authorized  in  FT  84,  the  percentage 
cf  authorized  duty  pcstions  which  CHF  11  and  CHF  13  comprise 
with  respect  to  the  tctal  airborne  coaaunity  will  be  used  to 
estiaate  that  portion  B  of  the  total  budget  which  is  allo¬ 
cated  for  training  scldiers  free  the  two  CHF’s  in  the  three 
SQI's.  The  total  ruabers  of  authorizations  in  CHF  11  and 
CHF  13  are  18,544  and  2,882,  respectively,  while  the  total 
nuaber  of  authorizations  in  the  airborne  coaaunity  is 
51,582.  Therefore,  the  portion  of  the  budget  is: 


B  *  C  (16544  ♦  2882)/  51582]  •  2856000 
•  (.415)  •  2856000  *  $1,185,600. 


j  <r-i 


m 


TABLE  XIII 
Calculation  of  PCT 

I  *  400/4411  =  .091 
E 

[  *  26/  169  =  .  154 

V 

[  *  288/1049  *  .275 


vbere  k*P-Parachutist , V-Raager,S-Special  Forces. 


SQI  E  :  20,000  (50  classes/year  9  400  per  class) 

SQI  ¥  :  1,000  (  5  classes/year  a  200  per  class) 

SQI  E  :  1,200  (12  classes/year  a  100  per  class). 

Therefore,  the  portion  of  each  school  capacity  used  by  the 
optimization  aodel  is: 

I  -  C  .415]  •  2000  0  *  8300 

p 

l  •  (.415]  •  100  0  *  415 

V 

I  «  (.4151  •  1200  *  498. 

S 

2.  lie  Fg£gca§t.4£3  M£iel 

a.  Stock  Data 

The  data  required  for  the  execution  of  the  fore¬ 
casting  aodel  is  divided  into  two  categories:  1)  stock  data 
and  2)  flew  data.  Flew  data  will  be  discussed  in  the  next 
subsection.  stock  data  is  denoted  as  n^(t)  which  refers  to 
the  nuaber  cf  soldiers  in  a  specific  duty  position  i  at  a 
particular  tlae  t.  The  aggregation  of  these  duty  positions 
n^,  i*1,2,...k  is  the  stock  vector  J*(t).  This  is  mathemati¬ 
cally  expressed  for  k  duty  positions  as: 

|(t)  *  (n  ,n  ,.  ..n. ,..  .n  ) . 

12  x  k 

Sithin  the  scope  of  this  thesis,  the  total  number  of  duty 
positions  k  is  7  3. 

The  stock  data  required  for  the  execution  of  the 
forecast  aodel  is: 

1)  the  authorized  number  of  soldiers  in  each  duty  position 

2)  the  current  nuaber  of  soldiers  in  each  duty  position 

The  two  types  of  stock  data  are  obtained  from  sources 
described  in  the  previous  chapters. 

Authorizations  were  extracted  from  the  PEHSACS 
document  dated  13  Octcber  1  983.  The  authorizations  for  CHF 
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11  and  CBS  13  by  SQI  are  listed  in  Tables  X,  XI,  XII,  and 
reflect  the  authorizations  for  FT  84.  The  authorizations 
for  FT  85  and  FT  86  are  listed  by  CUP  in  Tables  XXVII  and 
IXTIII. 

The  current  inventory  by  duty  position  for  FT  83 
which  pertain  to  CNF  11  and  CHF  13  was  provided  by 
HILPEBCEN .  This  data  was  extracted  fro*  the  Enlisted  Haster 
File  (E HF)  dated  September  1983  and  is  listed  by  SQI  in 
Tables  X,  XI,  XII,  for  CNF  11  and  CNF  13.  There  are  two 
inventory  coluans  listed: 

1)  the  current  inventory  excluding  the  manpower  pool 
which  was  discussed  in  Chapter  1. 

2)  the  current  inventory  with  the  manpower  pool 
included.  The  first  category  are  only  "jump"  posi¬ 
tions.  All  duty  positions  of  this  type  which  are 
listed  under  the  SQI  •  P*  are  all  "jump"  assignments  at 
Ft.  Eragg,  North  Carolina. 

Two  empirical  distributions  which  will  be  used 
to  estimate  other  data  are:  1)the  relative  frequency  of  each 
type  of  SQI  within  each  HOS-SL  combination,  and  2)  the  rela¬ 
tive  frequency  of  each  type  of  SL  within  each  NOS.  The 
first  set  cf  frequencies  is  listed  in  Table  XT  and  repre¬ 
sents  the  proportion  cf  soldiers  present  in  each  type  of  SQI 
for  a  particular  HOS-SL  combination  of  both  CNF  11  and  CNF 
13.  The  second  set  of  relative  frequencies  is  listed  in 
Table  xvi  and  represent  the  proportion  of  soldiers  present 
in  each  type  of  SL  for  a  particular  NOS  in  CNF  11  and  CNF 
13.  These  distributions  will  primarily  be  used  in  esti¬ 
mating  the  attrition  rates. 

b.  Flow  data 


The  second  type  cf  data  required  by  the  fore¬ 
casting  model  is  flow  data  which  is  denoted  as  n^(t,t+1) 


T1BLB  XT 

Balative  Frequency  Cor  SQI 


TABLE  XVI 

Relative  Frequency  for  SL 
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and  represents  the  nuaber  cf  soldiers  loving  between  duty 
positions  i  and  j  during  the  interval  t  to  tel.  For 
brevity,  the  notation  presented  by  Bartholoaev  [Bef.  8]  will 
be  used  where  n  (t)  is  equivalent  to  n  (t,t+1) . 

The  types  of  flow  data  required  for  the  execu- 
tion  cf  the  forecast irg  aodel  are: 


1)  th«  nuabers  cf  soldiers  sowing  among  all  duty  posi¬ 
tions  during  the  fiscal  year. 

2)  the  numbers  cf  soldiers  separating  froa  the  u.s.  Aray 
froa  all  duty  positions  during  the  fiscal  year. 

3)  the  numbers  cf  soldiers  terainating  their  SQI,  and 
thus,  acting  out  of  the  airborne  coaaunity  froa  all  duty 
positions  daring  the  fiscal  year. 

4)  the  nuabers  of  soldiers  vho  enter  the  airborne  cca- 
aunity  by  coapleting  SQI  training  during  the  fiscal 


year. 

The  first  type  of  flcv  data  is  used  in  estiaating  the  tran¬ 
sition  and  staying  rates.  The  second  and  third  types  of 
flow  data  are  used  in  estiaating  the  attrition  rates  while 
the  fourth  type  of  flow  data  is  generated  by  the  optiiiza- 
tion  aodel. 

There  are  aany  techniques  with  which  to  estiaate 


the  transition  and  staying  rates  p 


In  the  forecasting 


aodel,  the  flow  data  r  ft)  and  the  stock  data  n^  (t)  will  be 
used.  The  individual  transition  rate  p  denotes  the  frac¬ 
tional  flew  rate  at  which  soldiers  froa  duty  position  i  move 
to  another  duty  position  j  during  the  fiscal  year  [Bef«  9]. 
The  estiaate  of  p  is  defined  as: 


nij(t)/ni(t> 


i»  j  *  1,  2, ,  • . 


(eqn  3.1) 


If  the  flow  and  the  stock  data  pertaining  to  the  estimator 
p  are  available  fer  several  tiae  periods  for  which  the 
rates  do  not  differ  significantly  then  the  estiaate  of  p 
can  be  mathematically  expressed  as: 


TABLB  ZVZI 

Aray-wide  Proiotion  Bates  (FT  83) 


i#j  *  1 ,2 ,. • • 


share  the  suaaations  are  over  all  the  T  values  for  which 
both  stocks  and  flows  are  available. 

In  this  situation,  the  transition  rates  in  both 
satrices  listed  in  Figures  2.7  and  2.8  in  section  A.1  of 
Chapter  2  are  aostly  zeroes  except  for: 

1)  proiotion  rates  p^,  which  lie  above  the  main 

diagonal  and  whose  values  are  listed  in  Table  xvn.  The 

flow  data  was  unavailable  and  the  Any- vide  rates  were 

used  as  the  estimates  of  c,  , 

i,  i*1 

2)  staying  rates  ^  which  lie  along  the  main  diagonal. 
Although  no  data  was  available  to  estiaate  these  rates, 
the  identity 

k 

2  P.  ♦  *  ■  1  i#  j  *  1,2,3..  .k  (eqn  3.2) 

j*1  3 

can  be  applied  to  coapute  these  rates  once  the  pronotion 


rates  p^  ,  the  attrition  rates  w^  and  the  other  pro- 
aoticn  rates  disenssed  below  are  deterained. 

3)  prcaotion  rates  which  pertain  to  the  proacticn  of 
soldiers  froa  SL  4  to  SL  5  in  BOS's  lie,  11H,  13B,  13C, 
13E,  13F,  93F,  17C,  17B  and  the  proaotion  of  soldiers 
froa  SI  3  to  SL  4  in  BOS  13B.  These  off-diagonal  ele- 
aents  are  the  result  of  the  career  progression  pattern 
listed  in  Figures  1.1  and  1.2  of  Section  B.4  of  Chapter 
1  which  pertain  to  CBF  11  and  CBF  13,  respectively.  For 
esaaple,  p^2  in  Figure  2.7  is  the  proaotion  rate  of 
soldiers  in  duty  position  22(11C40V)  to  duty  position  18 
(11E50V).  Bote  that  once  a  soldier  with  NOS  11C  in  SL  4 
is  prcaoted  his  HCS  beecaes  11B  as  illustrated  in  Pigure 
1.1. 

The  saae  procedure  in  estiaating  the  transition 
rates  can  be  applied  to  the  estiaation  cf  the  attrition  rate 
w^.  The  nuaber  of  ecldiers  leaving  the  airborne  coaaunity 
froa  duty  position  i  during  the  fiscal  year  t  is  denoted  as 
n^  ^^(t)  where  the  category  k+1  represents  a  "holding" 
category  outside  the  airborne  coaaunity  [Bef.  10].  The 
estiaate  cf  the  attrition  rate  w^  is  defined  as: 


the  nuaber  cf  soldiers  attriting  froa  duty 
position  i  during  the  fiscal  year  (t,t+l) 

i  the  nuaber  of  soldiers  in  duty  position  i 
at  the  beginning  of  the  fiscal  year  t 


and  can  be  aatheaatically  expressed  as: 


a  *  n  <t)/n  (t)  i,j  ■  1,2,. .k  .  (eqn  3.3) 

i  1  1  X 


In  this  icdel,  attrition  is  aade  up  of  soldiers 


who  separate  froa  ailitary  service  and  soldiers  who  "terai- 
nate"  their  SQI  thereby  leaving  the  airborne  coaaunity. 


Therefore,  n^ 
quantities.  ~ ' 


is  egual  to  the  sun  of  the  above  two 


The  separation  data  provided  by  BILPERCEN  was 
extracted  from  the  SOSFILE:  Airborne  Losses  dated  11  October 
1983  and  are  categorized  by  BOS  and  SL  only  and  are  listed 
in  Table  XVIH.  In  crder  to  obtain  the  nuaber  of  soldiers 
who  separated  frcs  lilitary  service  by  duty  position,  the 
relative  frequencies  of  the  SQI's  listed  in  Table  XIV  are 
applied  tc  each  BOS-SL  combination.  This  results  in  separa- 
tions  by  duty  positions  as  listed  in  Table  XVIII.  The 
underlying  assumption  in  applying  this  frequency  distribu¬ 
tion  is  that  all  soldiers  of  a  particular  BOS-SL  combination 
who  separate  from  the  U.S.  Army  are  distributed  among  the 
three  SCI's  in  the  same  proportions  as  soldiers  of  that  same 
BOS-SL  combination  are  distributed  in  the  entire  airborne 
community. 

The  termination  data  provided  by  BILPEBCEN 
reflected  only  the  number  of  soldiers  of  each  BOS  assigned 
to  units  at  Fort  Bragg,  North  Carolina  who  terminated  their 
SQI  during  FT  83.  In  order  to  estimate  the  number  of 
soldiers  of  each  duty  position  who  terminated  their  SQl*s 
during  Fl  83,  three  assumptions  are  made: 

1)  soldiers  of  a  specific  BOS  in  the  entire  airborne 
community  terminate  their  SQI's  at  the  same  rate  as 
scldiers  of  the  same  BOS  who  are  assigned  to  Ft.  Bragg. 

2)  scldiers  terminating  their  SQI's  in  each  BOS  are  dis¬ 
tributed  among  tbs  five  SL  in  the  same  proportions  as 
scldiers  in  the  entire  airborne  community. 

3)  scldiers  within  each  BOS-SL  combination  who  terminate 
their  SQI's  are  distributed  among  the  three  SQI's  in 
the  same  proportions  as  soldiers  of  the  same  BOS-SL 
combination  within  the  entire  airborne  community. 

For  soldiers  located  at  Ft.  Bragg,  within  each 
BOS,  the  termination  rate  pertaining  to  CBF  11  and  CBF  13 
are  listed  in  Table  XIX  and  are  used  as  estimators  of  the 


terainaticn  rates  for  the  entire  airborne  coamunity.  The 
nuaber  of  soldiers  who  terainate  within  a  particular  HOS 

during  the  fiscal  year  froa  the  airborne  coaaunity  were 

calculated  using  the  estiaated  teraination  rates  and  are 
listed  in  Table  XX. 

With  the  nuaber  of  soldiers  who  terainated 

within  each  HOS  of  the  airborne  coaaunity  determined,  a  SL 
distribution  of  soldiers  froa  each  HOS  can  be  applied  based 
upon  the  second  assuaption  to  estimate  the  nuaber  of 

soldiers  by  SL  who  terainated  during  the  fiscal  year.  These 
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values  were  generated  using  the  relative  frequency  distribu¬ 
tion  and  are  listed  in  Table  XXI. 

The  third  assumption  allows  the  application  of 
the  relative  frequency  distribution  for  the  three  SQI*s 
listed  in  Table  XV.  is  a  result,  the  nuaber  of  soldiers  by 
duty  position  who  terminated  their  SQl  during  the  fiscal 
year  are  listed  in  Table  XXII. 

The  sum  of  the  two  numbers  of  separations  namely 
number  of  attritions  listed  in  Table  XVIII  and  the  number  of 
terminations  of  jump  status  listed  in  Table  XXII  result  in 
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TIBL1  XXI 

Terainations  by  BOS  and  SL  (FT  83) 


nn- 


'i 


the  nuaber  of  soldiers  in  each  duty  position  who  attrited 
froa  the  airborne  cossunity  during  the  fiscal  year.  This  is 


denoted  as  n  (t)  and  is  listed  in  Table  xxill.  The 
i,k*1 

estiaata  of  w^  of  the  attrition  rates  for  CBF  11  and  cbf  13 
can  be  calculated  according  to  Equation  3.3  above  and  are 
listed  in  Tables  XXIV  and  XXV,  respectively. 


and  is  listed  in  Table  xxill. 


TifiLE  ZZII 

Terminations  by  Duty  Position  (FT  83) 


TOT1L 

BOS-SL  TBHBI1UTIOMS 


S§I  SOI 


TAB LB  XXIII 

Attrition  fron  the  Airborne  Coaannity  (FT  83) 
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.060 
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.039  (.  111) 
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BOTE:  Th«  ending  inventor; 

(FT  83)  an  described 


(FT  83)  as  desex 
in  oarantheses  a 
soldiers  proaota 


tor;  (Ft  82)  is  the  beginning  in  vs  story 
ibad  in  chapter  i.  Also,  the  figures 

5  a  the  attrition  rates  including  those 
out  of  the  airborne  coaaunity. 
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TABLI  ZXT 

Attritiom  Bates  (CBP  13) 
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E.  EIZCOTICI  OF  THE  EODEL 


22  iSR  1(53) 


The  nuabers  cf  soldiers  determined  to  enter  into 
each  type  cf  SQI  training  by  doty  position  are  listed  under 
coluass  'XI*  and  *12*  of  Table  XXVI  for  CHF  11  and  CBF  13, 
respectively.  These  nuabers  under  coluan  'XI'  and  'X2*  are 
the  solutions,  X  cf  the  optiaization  model.  These  solu- 
tions  were  computed  using  the  FORTRAN  computer  program 
BECBOD  [Bef.  11].  As  explained  in  the  previous  chapter,  the 
nuabers  B ^  (84)  and  8^(84)  of  soldiers  who  complete  each  type 
of  SQI  training  and  enter  into  the  airborne  community  in  CHF 
11  and  CBF  13,  respectively,  can  be  computed  by  Equation  2.7 
inSecticn  C  of  Chapter  1.  As  a  result,  the  number  of 
soldiers  who  enter  into  the  airborne  coaaunity  are  also 
listed  in  Table  XXVI  under  ccluans  8^  (84)  and  R^ (84)  .  The 
recruitaent  vector  £(84)  which  represents  the  nuaber  of 
soldiers  who  enter  into  the  airborne  coaaunity  in  FY  84  can 
be  expressed  as  the  catenation  of  the  two  recruitaent 
vectors  j}^  (84)  and  £2(84)j 


1(84)  »  (1^84),  Bz(84)) 


2 .  isiaaai  i  (s«) 

As  described  in  the  previous  chapter,  two  transition 
aatrices  were  generated  for  CBF  11  and  CBF  13.  In  Figures 
3.1  and  3.2,  the  transition  aatrices  with  the  computed  tran¬ 
sition  probabilities  p  fer  each  CNF  are  shown.  By 

applying  Equation  2.1  of  Section  A.  1  of  Chapter  2,  the 
predicted  farce  level  vectors  N  (84)  and  N  (84)  can  be 
deterained  for  CBF  11  and  CBF  13,  respectively,  and  are 

listed  in  Tables  XXVII  and  XXVIII.  Note  that  the  individual 

eleaents  cf  both  force  vectors  N„  and  N  are  listed  by  duty 

”1  ”2 
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TABLE  XXTI 

Training  Bagnireaents  and  Bacroitnent  (198*) 
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WIW 


ViSISi 

iiSS8i 

IlSsSI 

V&IVs 

11C30S 

iicuos 


XI 

81  (84) 

2951 

*2390 

0 

0 

219 

o 

177 

g 

8 

0 

0 

0 

289 

23o 

0 

0 

8 

494 

400 

32 

u 

n 

37 

39 

40 
U  1 

42 

43 

44 

45 

2* 

48 

49 

50 

§2 

54 

It 

57 


COTT 

POSITION 

TfaVoV 

13B20P 

13B30P 

1  384  OF 
13C10P 
13C20P 
13C30P 
13C4QP 
1 38 1 0P 
13E20P 
1 3Z30P 
1  384 OP 
13P10P 
13F20P 
13F30P 
13F40P 
93F10P 
93F2QP 
93F3QP 
93F40P 
17C10P 

17C30P 

\W? 

1177BBI8I 

1 7B40P 
13810? 
138 2 OP 
13B30P 
82C10P 
82C20P 
82C30P 
82C40P 

l3»5  . 

13Z50P 

13F10V 

13F20F 

13F30P 

13P40P 


X2  82(84) 


477 

0 

0 

l8 

12 

8 

25 

1? 

477 

148 

16 

0 

20 

1 

0 

«8 
22 
1 1 

8 

68 

14 

0 

17 

26 
0 
0 

12 
i 
0 

22 

13 
0 


386 

0 

0 

0 

13 

10 

0 

0 

20 

7 

12 

6 

386 

120 

13 
0 

16 

1 

0 

34 

18 

9 

0 

o 

*  49 
11 
0 

14 
21 

0 

0 

18 

8 

14 

8 

0 


TABU  XXVXI 
Beer  nit  lent  (CHF  11) 


OOTI 

POSITIOH  HI  (S«) 


41(85)  B1  (05)  HI  (85)  41(86)  31(86) 


TIB IB  IX? Ill 
Bacraitaant  (CHF  13) 


DOTT 

q  POSXTIOH 


HI  (84)  A1  (8  5)  81  (85)  HI  (85)  k  1  (86) 


81(86) 


position  under  cclusn  N;  in  both  tables.  The  force  level 

vectors  me  calculated'using  a  revised  version  of  the  of 

the  cosputer  prograe  for  the  Harkov  chain  Hodel  developed  by 

Barthclciew  and  Forbes  [Bef.  12],  available  in  the  API 

language  cn  the  BPS  aainfraae  (IBH  3033).  The  force  level 

vector  5(64)  is  an  inpat  into  Equation  2.3  of  Section  B.1  in 

Chapter  2,  fros  which  elements  a .  are  calculated  and  used 

ilk 

in  the  optitization  scdel  in  calculating  the  decision  vari¬ 


able  Ito*  Equation  2.7  of  Section  C  of  Chapter  2,  the 

recruitsent  vector  £  (85)  is  deterained. 


3.  forecast ino  fcr  £(££)  ifld  N (86) 


By  using  the  predicted  force  level  of  FT  84  and 
assusing  all  costs  and  coapletion  rates  to  reaain  the  saae 
throughout  the  following  year,  the  recruitsent  vector  £(85) 
is  deterained  by  the  optinizaticn  aodel.  The  recruitsent 
vectors  £^(85)  and  £^(85)  are  listed  in  Tables  XXVII  and 
XXVIII,  respectively.  The  predicted  force  level  vectors 
£^(85)  and  £^(85)  were  generated  by  the  forecasting  scdel 
and  their  values  are  listed  in  Tables  XXVII  and  xxvm, 
respectively. 

This  procedure  can  be  repeated  to  calculate  the 
recruitsent  vectors  £^(86)  and  8^(86),  and  the  force  level 
vectors  £^(86)  and  £^(86).  The  values  of  these  vectors  are 
also  listed  in  Tables  XXVII  and  xxvm. 


C.  DISCOSSIOB  OF  BESCITS 

i-  isslxsis  2i  lbs  aellslialisa  £aisaslsi§ 

a.  Discussion  of  the  Eudget 

The  budget  is  a  critical  ites  in  the  optisiza- 
tion  sodel  as  it  provides  the  constraint  for  which  tbe 


Transition  Matrix  (CMP  11) 


Figure  3.2  Transition  Batrix  (CHF  13) 


-r. 


P.vi 


penalty  function  aust  be  ainiaized.  For  example,  when  the 
budget  is  less  than  $224,20  0,  the  training  allocations  are 
aade  to  parachutist  training  only.  Above  that  dollar  value, 
the  allocations  are  aade  between  the  parachutist  and  special 
forces  training  until  the  budget  of  $596,864  is  reached. 
Above  that  aaount  allocations  are  aade  aaong  all  three  types 
of  SQI  training. 

To  detersine  the  nuaber  of  allocations  aade  to 
each  SQI  category,  the  coaputer  program  rechod  fortran 
[Ref.  13]  was  used.  The  efficiency  of  this  algoritha  is 
guestionable  for  large  budget  values  and  a  heuristic 
approach  can  be  used  to  solve  the  problem.  Assuming  that 
the  return  functions  are  continuous  the  slope,  which 

is  the  rate  of  change  per  dollar,  of  each  function  is 
defined  as: 


! 


S  «  H  /t 
k  k  k 


k* 1, 2, 3 


where  represents  the  slope  as  the  rate  of  change  per 

dollar  of  the  return  function  of  the  kth  SQI 

a  represents  the  aarginal  decrease  in  the  kth  SQI 
k 

t^  represents  the  total  cost  of  training  one  soldier 
in  the  kth  SQI. 

Lagrange  aultiplier  analysis  shows  that  an  optimal  answer 

A  search  for  S  can  be  conducted 
A  bracketing  segue  nee 
is  applied  to  find  the  optinal  slope  where  the  budget  and 
training  allocations  are  within  an  acceptable  error. 

For  exaaple,  when  a  budget  B»$450,0C0  is 
desired,  the  optiaal  allocation  vector  is 

(P, ¥,S) »  (3631,0, 382)  as  generated  by  the  computer  prograa. 
The  heuristic  approach  begins  by  arbitrarily  selecting  an 


aust  occur  where  S  «S  «S  . 

12  3 

froa  an  initial  value  of  the  slope. 
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initial  slope  (S  *  5.0)  and  determining  the  corresponding 
allocation  for  each  SCI  and  the  associated  cost.  The  cost 
is  then  ccapared  to  the  given  budget.  If  they  are  equal* 
the  allocation  is  optieal.  If  not*  a  new  value  of  the  slope 
is  considered  and  the  process  is  repeated.  The  search  for 
the  optieal  slope  concludes  with  S  *  >6.44  and  the  alloca¬ 
tion  vector  is  (P*V*S)s(3637*0*380)  .  The  budget  corre¬ 
sponding  to  this  allocation  is  $450*015.  It  is  worth  noting 
that  the  allocation  vector  is  the  optieal  solution  for  the 
corresponding  budget  $450*015.  However*  since  the  true 
penalty  functions  are  discrete*  the  slopes  are  not  contin¬ 
uous  functions.  Since  no  values  of  the  slope  exist  between 
discrete  values*  a  slope  value  is  approxiaated  by  the  rate 
of  change  per  dollar  cf  the  nearest  discrete  value.  Hence* 
the  eethod  is  not  guaranteed  to  be  optiaal.  In  Table  XXIX* 
a  coaparison  of  the  two  allocation  vectors  is  shown.  The 
error  of  the  heuristic  approach  for  this  problem  is  0.5236 
percent.  This  heuristic  approach  will  be  used  for  further 
analysis  cf  the  budget. 


Ti BIS  XXIX 


coaputer  vs  Heuristic  Hethod 


SQI 

p 

f 

s 


Computer  Results 
......  -----  ... 

0 

382 


Heuristic  Results 
0 

380 


The  budget  used  for  these  calculations  was 


Error  (X) 

"o7l652~" 

0.0 

0.5236 

$450*000. 


In  Figure  3.3,  the  numbers  of  allocations  in 
each  category  are  plctted  against  different  budget  levels. 


Figure  3.3  Training  allocations  Per  SQI  vs.  Budget  Levels 


he  cumber 


Bote  that  for  a  budget  of  $400,000  to  $500,000,  t 
of  allocations  in  SQI  'P*  range  from  3525  to  3705.  It  is 
within  this  budget  range  that  the  number  of  training  alloca¬ 
tions  remain  almost  constant  in  parachutist  training. 
Bithin  this  range,  training  allocations  to  SQI  • P*  vary  only 
5.106  percent. 

Also,  the  numbers  of  allocations  in  SQI  'S*  for 
a  budget  ranging  between  $446,600  and  $452,310,  are  370  to 
388.  Bithin  this  range,  the  training  allocations  to  SQI  'S' 
have  a  variation  of  4.9  percent. 

Bithin  both  budget  intervals  mentioned  above,  no 
training  allocations  to  SQI  'V'  are  made.  The  smaller 
budget  interval  of  $446,600  to  $452,310  is  where  the 
heuristic  method  prcvides  an  allocation  which  would  be  no 
more  than  4.9  percent  in  error.  Further,  it  is  within  this 
range  that  a  change  in  the  budget  will  not  appreciably  alter 
the  existing,  optimal  allocation  of  training  slots. 

b.  Training  Cost 

An  analysis  of  the  training  costs  was  conducted 
by  using  a  budget  of  $450,000  and  the  current  course  comple¬ 
tion  rates  listed  in  Table  IX.  The  training  cost  of  each 
SQI  was  varied  by  ±20%  from  its  FT83  costs  listed  in  Table 
XIV.  The  result  of  varying  cnly  the  training  cost  for  SQI 
'P*  is  shewn  as  the  graph  on  the  left  of  Figure  3.4,  where 
the  resulting  change  in  each  SQI  allocation  can  be  seen.  In 
Table  XXX,  the  change  in  the  training  allocations  in  any  SQI 
with  a  corresponding  change  in  the  training  cost  of  SQI  'P* 
is  listed.  Note  that  the  numbers  within  the  parentheses 
reflect  the  percent  of  change  from  the  FY83  training  cost  of 
$95.26.  A  ten  percent  error  in  estimating  the  cost  of  para¬ 
chutist  training  will  not  affect  the  allocations  to  SQI  'P' 
significantly.  However,  it  will  result  in  a  thirty  percent 
change  in  the  allocations  to  SQI  'S'.  As  the  cost  of 
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Figure  3.4  Training  Allocations  Per  SQI  vs.  Training  Cost 
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Change  in  Training  Allocations  vs  Training  Cost  of  SQI  | 
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1  15(4.35) 

0(0) 

198(51.83) 

training  a  soldier  in  SQI  *  P*  decreases,  aore  of  the  budget 
is  available  for  other  t7pas  cf  training.  Is  a  result,  the 
training  allocations  aada  to  all  three  SQI's  increase. 
Conversely,  the  allocations  aade  to  the  SQI's  decrease  as 
the  cost  for  training  a  soldier  in  SQI  'P*  increases. 

The  graph  in  the  middle  of  Figure  3.4  shows  the 
training  allocations  eade  tc  each  type  of  SQI  while  varying 
the  cost  of  ranger  training.  The  following  changes  in  each 
SQI  allocation  occurs  with  a  change  in  the  training  cost  of 
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Change  in  Training  Illoeations  vs  Training  Cost  of  SQI  I 
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SOI  •? •  and  is  listad  in  Table  ZZX1.  The  nnabers  in 
parentheses  are  the  percent  of  change  froa  the  FT 83  training 
cost  of  $ 189.67.  lotice  that  a  ten  percent  error  in  esti- 
sating  the  cost  of  training  a  soldier  in  SQI  ' v •  has  no 
effect  on  the  training  allocations. 

The  graph  on  the  right  of  Figure  3.4  shows  the 
training  allocations  tade  to  each  type  of  SQI  training  while 
varying  cnly  the  cost  of  special  forces  training.  The 
following  changes  in  the  training  allocations  within  each 
SQI  results  with  the  corresponding  change  in  the  training 


TIB IB  XXXII 

1 

Change  in  Training  Allocations  vs 

Training  Cost  of  SQI  | 

TrainingCost 
for  SQI  s 

Change  in  Training 
SQl  P  SQI  V 
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SQI  S 

ip 

ll.-JJSI 

Shift 

318) 

m 

87122.78) 
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cost  of  SQI  *S*  and  is  listed  ia  Table  XXXII.  The  nusbers 
in  parentheses  are  the  changes  in  percent  of  the  training 
allocations  froa  the  FT83  cost  of  $274.64.  A  ten  percent 
error  in  estiaating  the  cost  of  special  forces  training  dees 
not  appreciably  affect  the  allocations  to  the  SQI's  of  'P* 
and  But t  the  ten  percent  error  aay  lead  to  as  such  as 
an  eleven  percent  change  in  the  the  training  allocations  to 
SQI  »S*. 
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Overall,  changes  in  the  training  costs  affect 
one  SQX  category.  The  Magnitude  of  its  iapact  on  the  allo¬ 
cations  is  dependent  cn  the  distribution  of  shortages  by  SQI 
within  the  airborne  conannity.  In  this  case,  the  higher  the 
cost  of  a  particular  type  of  training  the  sore  effect  it  has 
cn  its  can  category  when  any  of  the  costs  of  training  are 
changed. 

c.  Coarse  Cccpleticn  Bate 

In  analysis  of  the  coarse  coapletion  rates  was 
conducted  using  a  budget  of  $450,000  and  the  PT83  costs  of 
training  listed  in  Table  XI  ?.  Each  course  coapletion  rate 
was  varied  to  observe  the  change  in  the  training  allocations 
within  each  SQI.  The  result  of  varying  the  course  coaple- 
tion  rate  for  parachutist  training  is  shown  as  the  graph  on 
the  left  cf  Figure  3.5  and  the  changes  within  each  SQI  are 
listed  in  Table  XXXIII.  The  nuabers  in  parentheses  repre¬ 
sent  the  percent  of  change  in  the  allocations  within  each 
SQI  frea  the  FT83  course  coapletion  rate  of  0.81. 
Onderestiaating  the  course  coapletion  rate  does  not  alter 
the  training  allocations  significantly.  For  a  course 
coapleticn  rate  within  the  range  of  0.81  to  0.3,  the  largest 
percentage  error  is  7.97*. 

The  changes  in  allocations  resulting  froa  the 
variation  of  the  course  coapletion  rate  for  ranger  training 
are  listed  by  SQI  in  Table  XXXIV.  The  nuabers  in  paren¬ 
theses  are  the  percent  of  change  in  the  training  allocations 
for  each  SQI  froa  tfee  FT83  coarse  coapletion  rate  of  0.64. 
The  graph  in  the  aiddle  of  Figure  3.5  shows  the  training 
allocations  as  only  the  course  coapletion  rate  varies.  The 
course  completion  rate  for  ranger  training  has  little  effect 
upon  the  training  allocations  of  all  three  SQl*s. 

The  changes  in  training  allocations  resulting 
froa  the  variation  of  the  course  coapletion  rate  for  special 
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Figure  3.5  Training  allocations  Per  SQI  vs  Cosplation  Bates 
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TABLE  XXXIII 

Change  in  Training  Allocations  vs  Conplstion  Bata  of 
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forcas  training  ara  shown  as  tha  graph  on  the  right  of 
Figure  3.5  and  ara  listed  by  SQI  in  Table  XXXV.  In  this 
case,  overestimating  tha  course  coapletion  rate  for  special 
forcas  training  has  little  effect  on  the  training  alloca- 
tions  in  an;  SQI  while  underestimating  that  rate  can  signif¬ 
icantly  altar  tha  training  allocations  in  all  three  SQI's. 
This  phenomenon  occurs  because  a  low  course  coapletion  rate 
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Change  in  Training  allocations  vs  Coapletion  Sate  of 
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allow*  the  school  capacity  constraint  to  be  the  binding  one. 
the  lew  coarse  coapletion  rate  regaires  nore  soldiers  to 
enter  intc  training.  This  reguiraaent  can  be  aet  by  the 
budget  but  the  school  is  liaited  by  the  nuaber  of  soldiers 
it  can  train. 

Overall,  changes  in  the  course  coapletion  rates 
significantly  affect  the  training  allocations  but  are  depen* 
dent  on  the  distribution  of  the  shortages  within  each  SQI 
relative  to  the  overall  shortage  of  the  airborne  coaaunity. 
In  this  situation,  if  the  relative  frequency  of  the  short* 
ages  within  the  airberne  coaaunity  is  snail  then  increases 
in  the  course  coapletion  rate  result  in  increases  in  the 
allocations  aaong  all  SQI's  with  little  or  no  effect.  if 
the  relative  frequency  of  the  shortages  is  large  then  any 
change  in  the  course  coapletion  rate  results  in  significant 
changes  cf  allocations  within  all  SQI's.  The  course  cosple* 
tion  rates  are  not  highly  sensitive  as  they  can  vary,  in 
every  instance,  by  at  least  10  percent  before  an  appreciable 
difference  (greater  than  4X)  in  the  training  allocations 
occur. 
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2.  liisauia  si  gaasaisiaa  gmnaa 


The  forecasting  parameters  are  the  individual 
eleaenta  p  and  w^  of  the  transition  aatrix  and  the  attri¬ 
tion  vector*  respectively.  These  paraneters  are  highly 
sensitive  and  together  alter  the  values  of  the  force  level 
vector  £(t).  This  section  discusses  how  proaotion*  attri¬ 
tion*  and  retention  policies  are  incorporated  into  the  fore¬ 
cast  aodel  as  changes  in  the  paraaeters  p  and  w^.  The 
discussion  assuaes  that  an  initial  transition  aatrix  and 
force  level  vector  have  been  generated. 

a.  Proaoticn  Policy 


Changes  in  the  proaotion  policy  can  apply  to  a 
specific  BOS  and/or  SI.  Also*  a  change  in  the  force  level 
vector  can  be  deterained  as  the  proaotion  rate  pertaining  to 
a  specific  duty  position  is  changed.  For  exaaple*  the  FI84 
proaotion  policy  aay  be  changed  to  insure  that  soldiers  in 
duty  position  11B40C  are  proaoted  at  the  rate  of  0.250 
instead  ef  the  prevlcus  rate  cf  0.006.  The  previous  attri¬ 
tion  rate  of  0.058  is  left  unchanged  while  and  the  staying 
rate  cf  0.856  is  changed  to  0.692.  The  rest  of  the  tran¬ 
sition  aatrix  is  not  altered.  The  resulting  new  force  level 
vector  J  (85)  is  the  saae  as  in  Table  XXIX  except  the 
nuabers  lor  duty  positions  11B40P  and  11B50P  are  699  and 
609*  respectively.  This  policy  change  resulted  in  133  fewer 
soldiers  in  duty  position  11B40P  and  123  sore  soldiers  in 
duty  position  11B50P.  In  this  Banner  an  appropriate  proao¬ 
tion  rate  aay  be  found  that  will  have  the  desired  increase 
or  decrease  in  the  suaber  cf  soldiers  cf  a  particular  duty 
position.  Bovever*  as  the  exaaple  deaonstrates*  accompa¬ 
nying  changes  in  the  nuaber  of  soldiers  of  another  duty 
position  aay  also  result. 


If  the  decision  is  made  to  promote  a  specific  SI 
at  a  particular  rate  then  the  effect  on  the  inventory  of  the 
airborne  ccmsunity  say  be  determined  by  the  forecasting 
aodel.  For  exaaple,  if  there  exists  a  shortage  of  soldiers 
in  St  2  and  one  vasts  to  explore  the  effect  of  proaoting 
eore  soldiers  into  that  skill  level,  then  for  every  HOS  and 
SQX,  the  presotion  rate  to  SL  2  in  the  transition  matrix  aay 
he  changed.  While  keeping  the  attrition  rate  the  sane,  the 
staying  rates  are  re-calculated  using  Equation  3.2  in 
Section  1.2.  The  resulting  nev  force  level  vector,  jj(t),  as 
generated  by  the  forecasting  aodel  vill  show  the  effects  of 
the  new  promotion  policy  to  SI  2. 

Siailiarly,  policies  which  produce  changes  in 
coabinaticns  of  90S,  SL,  and  SQI  may  be  incorporated  into 
the  forecasting  model  in  the  sane  manner. 

b.  lttrition  Policy 

If  the  attrition  rates  are  changed  and  the 
prosoticn  rates  are  keld  fixed,  a  nev  staying  rate  must  be 
detersined  using  Equation  3.2  in  the  same  Banner  as 
described  above.  In  this  way,  policy  decisions  affecting 
attrition  rates  say  be  incorporated  into  the  forecasting 
aodel  in  the  sane  Banner  as  those  affecting  prosotion  rates 
were.  For  example,  if  an  estimate  is  made  that  a  nev 
policy  will  result  in  a  20  percent  attrition  rate  among 
soldiers  in  duty  position  11B10P  from  the  airborne  community 
and  the  prosotion  rates  to  SL  2  remain  the  same  as  listed  in 
Table  XFII,  then  a  sew  overall  attrition  rate  of  0.632  may 
be  calculated  using  Iguation  3.2  for  11B10P  soldiers.  when 
these  nev  rates  are  set  appropriately  into  the  transition 
matrix,  the  effects  of  the  nev  policy  aay  be  seer,  in  the 
resulting  new  force  level  vector. 


Cm  Betention  Policy 

Policy  decisions  of  retention  affecting  duty 
positions*  SOS's*  Si's*  or  SQX's*  nay  be  incorporated  into 
tbs  forecasting  sodel  in  the  sane  aanner  as  described  above, 
for  exaaple*  if  a  nee  policy  is  to  be  evaluated  that  is 
thought  to  have  the  effect  of  retaining  SOX  of  11B10P 
soldiers*  then  the  staying  rate  of  all  soldiers  in  duty 
position  11B10P  is  tc  be  changed  to  0.80.  hssuuing  the 
prosotion  sates  to  reaain  the  saae  as  those  listed  in  Table 
XVXX*  the  attrition  rate  of  0.032  aay  be  calculated  by 
Igaatlon  2.2  of  section  1.2.  These  nev  rates  aay  then  be 
placed  in  the  transition  natrix  and  a  nev  nev  force  level 
vector  say  be  generated  by  the  forecasting  aodel.  The 
effects  of  the  nev  retention  policy  on  the  future  inventory 
say  thus  he  evaluated. 
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IT.  SBMUI  IMP  COICLPSIOWS 

During  this  transitional  period  in  which  the  Onited 
States  lray  continue*  its  force  aoderni ration,  new  weapons 
STSteas  introduced  into  the  airborne  community  are  trans- 
lated  intc  new  personnel  and  training  reguireaents.  The 
aodel  foraulated  and  discussed  in  this  thesis  can  systemat¬ 
ically  scnitcr  trends  in  shifting  sanpower  deaands.  Also, 
this  acdel  is  a  planning  aid  for  sanpower  decision-makers  in 
answering  "what  if  guestions  and  providing  tiaely  predicted 
outcoaes  to  alternate  courses  of  action.  It  provides  the 
optiaal  distribution  plan  for  each  type  of  special  training 
upon  which  assigaaents  can  be  based  subject  to  budget  and 
school  capacity  constraints.  This  facet  allows  the  aodel  to 
potentially  link  inventory  forecasts  with  the  distribution 
of  the  sanpower  to  the  force. 

A.  S  QUASI 

This  thesis  formulates  a  aethodology  which  forecasts 
future  fcrce  levels  and  deteraines  the  number  of  soldiers  to 
be  trained  as  applied  to  the  CHF»s  11  and  13  within  the 
airborne  coaannity.  A  aodel  is  foraulated  which  consists  of 
two  submodels.  The  first  sub-model  is  a  forecasting  aodel 
which  applies  Sarto v  Theory  to  sanpower  planning  while  the 
second  sub-aodel  is  an  optiaization  aodel  which  employs  the 
strategy  of  dynaaic  progressing.  The  application  of  theory 
to  both  sub-models  la  discussed  during  the  foraulaticn  of 
the  aggregate  aodel.  The  aggregate  aodel  was  constructed 
and  applied  to  CHS  11  and  CHF  13.  Kapirical  data  of  FY83 
was  used  in  the  execution  of  the  aodel.  Prior  to  analyzing 
the  output  of  the  aodel,  data  preparation  is  discussed.  An 
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analysis  of  the  output  is  conducted  to  observe  aodel 
phencaena. 

Since  the  scope  of  this  thesis  applies  only  to  CMP  11 
and  CBF  13,  a  portion  of  the  budget  and  the  school  capaci¬ 
ties  is  used  in  the  execution  of  the  aggregate  eodel.  In 
reality,  neither  the  budget  nor  the  school  capacities  are 
divided  aacng  the  CBP's.  Therefore,  conclusions  derived 
froe  the  results  of  the  nodel  are  only  applicable  vithin  the 
liaited  scope  of  this  thesis.  No  global  conclusions  can  be 
■ade  about  the  paraaeters  of  this  aodel.  Bore  study  of  the 
aodel  is  needed  and  areas  for  further  research  are  listed  in 
the  final  section  of  this  chapter. 

£.  CCICIOSHMS 

The  aethodology  that  is  used  in  this  thesis  to  solve  the 
problea  stated  in  Chapter  1  with  respect  to  CUP'S  11  and  13 
can  be  applied  to  the  entire  airborne  coaaunity.  The  fore¬ 
casting  aodel  eaploys  the  transition  aatrix  for  each  CBF  and 
hinds  thea  together  as  described  above.  ihether  the  CBP's 
are  11  and  13,  or  all  the  CBP's  of  rhe  airborne  coaaunity, 
the  procedure  of  the  foroca sting  aodel  aay  reaain  unchanged, 
llso,  the  optiaizaticn  aodel  considers  the  allocation  of  the 
budget  aacng  the  three  SQI's  and  considers  all  BOS's  and 
Si's  within  each  SQI  cf  the  airborne  coaaunity  separately  in 
generating  the  return  function  aentioned  in  Chapter  2.  The 
BOS's  and  SL's  are  categorized  by  SQI  before  the  optiaiza- 
tion  aodel  is  applied,  regardless  of  the  nuaber  of  BOS's  and 
SL's. 

The  aggregate  icdel  can  be  a  reliable  tool  for  a 
aanpewer  decision-aaker.  The  aodel  allows  the  forecasting 
of  annual  inventories  of  the  airborne  coaaunity  and  provides 
discernable  information  pertaining  to  training  requireaents, 
proaotion  rates,  and  attrition  rates.  The  aodel  can  be  used 
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to  evaluate  current  policies  pertaining  to  pronotion,  attri¬ 
tion,  and  retention.  Also,  it  can  show  how  good  those  poli¬ 
cies  are  in  achieving  desired  force  levels  or  else  how 
counter-productive  those  saae  policies  are.  Further,  it  can 
provide  tiaely  feedback  to  the  decision-eaker  abcut  policies 
which  effect  the  paraaeters  of  the  aodel  and  change  the 
inventories  within  the  airbccne  coaa unity. 

The  optimization  aodel  is  robust  in  that  changes  in  the 
paraaeters  will  not  appreciably  affect  the  optimal  scluticn. 
Bowever,  there  are  instances  in  which  a  change  in  a  param¬ 
eter  can  significantly  alter  the  solution.  When  given  new 
budget  levels,  training  costs,  and  course  completion  rates, 
the  cptisization  aodel  can  provide  timely  feedback  to  a 
decision-aaker  in  the  number  of  soldiers  who  should  enter 
and  coaplete  each  type  of  special  training  and  who  will 
subsequently  enter  into  the  airborne  community. 

C.  1IC0B  81 1DATI0IS 

1.  l£giisail2S  St  the  £o  th£  Entire  MrtaiSS 

Ssiiaal ii 

Two  of  the  assuaptiens  on  which  the  model  was  ferau- 
lated  are  major  in  the  application  of  this  model  to  all  the 
80S  *  s  ,  Si's,  and  SCI*  s  in  the  airborne  coamunity.  Both 
assuaptiens  can  be  relaxed  so  that  the  methodology  discussed 
in  this  thesis  can  be  applied  to  any  finite  number  of  HCS's, 
SL's,  and  SQI's  within  the  airborne  coaaunity.  The  two 
assuaptiens  are  that  the  CHF's  are  mutually  exclusive  and 
that  intra-community  movements  are  negligible  e.g.  a 
soldier  in  the  parachutist  ccaaunity  conducting  a  PCS  move 
to  the  ranger  community  is  a  rare  event. 

In  regard  to  the  first  assuaption,  CHF's  are  inter¬ 
dependent  as  all  soldiers,  no  matter  in  what  CMF  they  begin, 
can  be  pxoaotsd  to  the  position  of  00Z50.  This  position  can 
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refer  to  as;  SQI  and  only  soldiers  is  SL  5  can  sore  to  this 
position. 

To  deal  with  this,  a  single  eguation  can  he  stated 
which  lirks  all  car's  together. 


I  It)  -  B  <t- 1)  •  (1-w  )  ♦  T  n  (t-1)*(p  ) 

j  j  j  i#j  i  ij 

where  j  represents  the  position  00Z50 

i  represents  the  daty  positions  fros  which 

promotion  to  C0Z50  can  originate 

p  represents  the  proaotion  rate  froa  daty 

position  i  tc  position  j. 


For  exaaple,  in  CBF  11  and  cap  13,  the  single  equa¬ 
tion  linking  the  two  CBF's  together  is: 


a 

'j 


<t) 


I^Ct-l)  .  (1-w^ 

♦  n  (t-1)  •  p 

18 

+  n67(t'1)  *  * 

♦  n6g(t-U  •  P 


)  ♦  <ns<t-1)  • 

♦  n  (t-1) 

18  j  27' 

♦  n  (t-1) 

67  j  68'  ' 


69j 


) 


5  j 

•  P 


27  j 


68  j 


(egn  4.1) 


For  FT85,  the  projected  naaber  of  soldiers  in  the  position 
00Z50  at  the  beginning  of  the  year  is: 

J  (85)  »  1^(84)  «(1-w^)  «•  (448  *0.072 

♦  126  *0.07  2  +550  *0.072  *43  *0.072 
♦4  *0.072  ♦  5  *0.072) 

*  fi  (84)  •  (1- w  )  ♦  85.  (egn  4.2) 


Farther,  the  naaber  cf  soldiers  in  position  00Z50  at  the 
beginning  of  the  year  was  114,  i.e.  £  (84)  *  114.  The 

naaber  wbc  left  daring  FT 83  was  two  wiiile  the  naaber  of 
soldiers  in  that  position  at  the  beginning  of  FT83  was  113, 
providing  a  rate  of  attrition  of  w^  *  2/113  *  0.017.  Hence, 
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tii«  number  of  soldiers  £  (85)  in  position  00Z50  at  the 
beginning  of  PY85  is  predicted  to  be  197  by  Equation  4.2. 
The  application  cf  an  aquation  sinilar  to  Equation  4.2  can 
tie  tbs  forecasts  for  the  entire  airborne  community 
together. 

the  second  assuapticn  was  that  intra -ceaa unity 
transfers  vex*  negligible.  This  assuaption  does  not  detract 
froa  the  operation  of  the  aodel  but  restricts  the  aodel  in 
accounting  for  those  soldiers  who  lore  aaong  subccaaunities 
during  the  fiscal  year.  This  restriction  forces  all  short¬ 
ages  to  be  filled  by  nevly  trained  personnel.  one  alterna¬ 
tive  is  to  estinate  the  intra-community  PCS  rates  froa 
empirical  data  in  the  ease  Banner  as  pronotion  and  attrition 
rates  were  estimated.  Another  alternative  is  to  determine 
froa  empirical  data  all  soldiers  who  are  qualified  to 
conduct  an  intra-PCS  move  and  estimate  a  percentage  of  the 
eligible  soldiers  vhc  will  conduct  an  intra-PCS  move.  For 
example,  a  ranger-qualified  soldier  in  a  duty  position 
within  the  parachutist  subccaaunity  who  is  able  to  conduct  a 
PCS  move  to  the  ranger  subcommunity  without  having  to 
undergo  ranger  training  is  an  "eligible"  soldier.  If  the 
total  number  of  soldiers  who  are  qualified  in  both  SQI  'P* 
and  SQI  in  the  parachutist  subcommunity  is  known,  then  a 
percentage  reflecting  the  number  of  soldiers  "eligible"  to 
conduct  a  PCS  move  may  be  used  as  the  estimate  of  the  prob¬ 
ability  that  a  soldier  moves  from  the  parachutist  to  the 
ranger  subccaaunity  during  the  fiscal  year.  This  technique 
cf  estimation  requires  that  the  number  of  soldiers  qualified 
in  several  SQI's  in  each  SQI  subcomaunity  be  known  at  the 
beginning  of  the  year. 

2.  Areas  gf  Study  £g  Enhance  the  Hode^ 

There  are  many  potential  areas  which  remain  to  be 
investigated  and  can  potentially  increase  the  efficiency  and 
effectiveness  of  this  aodel.  The  areas  of  study  are: 


1)  The  study  of  each  CHF  within  the  airborne 
coaaunity  tc  determine  the  relationships  that 
generate  the  structure  for  the  transition  aatrix 
pertaining  to  each  CHF.  The  deteraination  of 
each  transition  aatrix  allows  the  relaxation  of 
the  assuapticn  pertaining  to  the  independence  of 
each  CHF  and  the  application  of  the  aethodclcgy 
cf  this  thesis  tc  the  entire  airborne  coaaunity. 

2)  The  estiaation  of  the  transition  probabilities 
to  include  fccth  inter-coaaunity  and  intra-ccaaunity 
aoveaents.  The  estiaation  of  the-  transition  prob- 
abilities  is  critical  and  nay  be  deter ained  over 
several  tiae  periods.  The  present  unavailability 
of  flow  data  is  the  aajor  obstacle  in  this  area. 

3)  The  evaluation  of  the  aodel  as  a  decision- 

asking  aid  and  its  integration  and  iapleaentation 
within  the  United  States  kray  as  a  aanpower  plan¬ 
ning  guide.  The  real  value  of  this  aodel  can  be 
evaluated  once  it  can  answer  questions  pertain¬ 
ing  to  the  entire  airborne  coaaunity. 

4)  The  optiaization  of  training  requireaents  by 

a  generalized  network  algoritha  as  an  efficient 

optiaization  alternative. 

5)  The  efficiency  and  effectiveness  of  the  heurist¬ 
ic  algoritha  pertaining  to  the  optiaizaticn  acdel. 

6)  the  validation  of  the  aodel  using  eapirical 

data  to  deteraine  its  effectiveness  in  personnel 
prediction  and  optiaization. 
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HiHI«H(H) -FLOAT  (IRC) /FLOAT  (DOP+1) 

60  TC*2 14 
COHTIROE 

Bill  *  B (X)  -  FLOAT  (IRC) 


cohtSIie* 

L  *  0 


§(T;So??]b<I{).62!.0..ARd.  <B(X)  -  FLOAT  (IRC)  )  .LE. 

1  EXTBWLOAT  ( IRC)  -  ( (B(I) -S  (I*  1)  1 *FLOAT  (DOP*  1)  ) 
XF(.HCl.(EXTBA.GT.O.)  1  SO  TO  2166 
'iF  (.ROT.  (I. IQ.  if)  GO  TO  216 

iw  -jM 

?  *  i*i 
DO  2150  H*1  ,T 

B(H)  -  B f  H)  -  EXTB A/FLOAT  (DOP* 2) 
COHTI  RUE 
DOP  «  DOP*  1 
I  «  I  ♦  1 
60  TO  218 

10  2,8 

CO.W1*’' 

7  *  1*1 

IFJ.HOT.  ( (R(7)*FL0AT(D0P*2)  )  .LT. 

FLO  AT  (IRC) )  1  GO  TO  216  3 

I*FL0AT(J-1)  ♦  (B  (7)  *PLOAT  (D0P*2)) 
TB  *  D  *  COST 
DO  2162  H*1,7 


go 

COR  TIROS 

DO  2164  H*1,7 

DOP  *  DOP  *  1 
1*1*1 
COR  II  ROE 
COHTIROE 
60  TO  219 
COHTIROE 

DC  2167  H*1.I 


4  H*1,7 

1  *R (H) -BXTBA/FLO AT (DOP+2) 


R?H)  -  FLOAT  (IRC) /FLOAT  (DOP*  1) 


C  CUT  1 10  E 
1*0 
GO  TO  222 

IF(.SOT.  (B  (I)  .IE.0 .)  )  50  TO  222 
1*0 
COHTIIOE 
GO  TO  210 
CORTZHOB 

°C  IPj.ROT'.  (G)  .GI.O.)  )  SO  TO  230 
■(SI  *  S  G1  -  *(C1 . 


(J)  S*  Z(J)8i  (S(G)  -(CCH*HJG|)  )**2 
RBITE(6.615)  S(G)  ,B  (G)  ,H  (G) ,  (JOB  (G #K)  ,  K*1,4) 
GO  TO  232 
CO  I  TIROS 


COHTi 

CC1TIHOE 


t^r^e* 


CC III ROB 

D^lsO^-lSsi 

SB  *  BBS  ♦  1 
DO  475  J* 1 ,HH 

^.S512<7'655>J'T<J) 

CC  111  ROE 
STOP 
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